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Descripli n 

FIELD OF THE INVENTION 

The present invention relates to a heterofunctional cellular immunological reagent comprising at least 
two T cell specific binding figands covalently Dnked together, wherein one of the T cell specific binding 
ligands binds to a specific class or subclass of T cells and another of the T cell specific binding ligands is 
an antigen associated with disease or a causative agent of disease, or epitope thereof. The present 
invention also relates to vaccines containing the heterofunctional cellular immunological reagents and 
methods for the use of the same. 

BACKGROUND OF THE INVENTION 

In cell mediated immunity, a disease causing agent, such as a virus, is engulfed by a specialized ceil 
called the antigen presenting cell (hereinafter "APC"). The APC breaks up the virus and fragments the 
antigenic determinants of the virus, i.e., viral specific polypeptides, into polypeptide fragments. These 
fragmented antigenic determinants are then transported to the cell surface of the APC. At this time, the APC 
also produces or modifies the major histocompatabtlity complex molecules Class I and Class II (hereinafter 
"MHC Class I" or "MHC Class II", respectively), which are heavily involved in ceil mediated immunity and 
which are produced within and transported to the surface of the APC. MHC Class I molecules specifically 
bind to cytotoxic/suppressor T cells (Tc/s) and MHC Class II molecules specifically bind to helper/accessory 
T cells (Th). The MHC molecules contain at least two binding sites, i.e., an antigen binding site known as 
agretope binding site, which is highly variable between MHC molecules for different agretopes, and a site 
which binds to the T cell, i.e.. the T cell specific binding ligand, which is highly conserved (gee Bjorkman, 
P J. et al, Nature , 329:506 (1987) and Bjorkman, P.J. et al, Nature . 329:512 (1987)). 

T cells are activated by the combination of (1) the binding of the fragmented antigenic determinants, 
present on the surface of the APC, to the surface of the T cells and (2) the binding of the highly conserved 
region of the MHC molecules, present on the surface of the APC, to the surface of the T cells. Usually, 
binding by the fragmented antigenic determinants or the highly conserved region of the MHC molecules 
alone to the surface of the T cells does not give rise to activation of the T cells since to do so would give 
rise to an unregulated and indiscriminate polyclonal activation of most, if not all, T cells and could result in 
pathogenic conditions. The binding of the MHC molecules to the surface of the T cells is in part mediated 
through the agretope, i.e., the binding of the antigen to the MHC molecules acts as a signal to the MHC 
molecules to bind to the surface of the T cells (see Bjorkman, P. J., Nature , 229:506 (1987)). In addition, the 
MHC molecule contains recognition sites so that unless the APC and the T cell contain the same MHC 
molecules with the same genetic composition, they are recognized as "not-self" and the desired interaction 
cannot successfully occur. The resulting activated T ceils can then recognize the disease causing or 
associated agent, e.g., virus infected cell, tumor cell, etc., in the bloodstream or elsewhere, as foreign and 
acts to kill such. This gives rise to cell mediated immunity to the disease caused by. e.g., the virus, without 
any antibody, or humoral immunity, involvement 

The APC, typically a macrophage, also produces and releases Interleukin 1 (hereinafter "IL-1") as a 
consequence of the interaction and processing of the antigen. IL-1 interacts with the T cell as a part of the 
activation process of the T cell. IL-1 causes activated T cells to produce lnterieukin-2 (hereinafter "IL-2"). 
However, as with most hormones, IL-1 activity is generalized, i.e., it is not specific to a particular antigen 
but, rather, is involved In invoking a generalized inflammatory response. 

Since MHC molecules are very large arid highly polymorphic, antigenicity problems arise when 
administering such to a subject Further, there Is a high variability of agretopes and MHC molecules. Thus, 
it is difficult to isolate an appropriate MHC molecule for a disease causing or associated agent of interest so 
as to be able to form a complex thereof which can thereby activate T cells specific to a disease of interest 

The clinical and industrial immunologic working in AIDS have not focused on the correlation of cell 
mediated immunity and disease since most of their assays are based on humoral immunity mechanisms. 
Cell mediated immunity, because of its slow reactions, the requirement for a living cell derived from an 
intact host and the MHC restriction inherent in the system have deflected attention away from cell mediated 
immunity. Cell mediated immunity has remained, therefore, somewhat of a "black box" with inputs and 
outputs defined but little understood in the way of Internal mechanisms. 

The rapidity of the re-activation f AIDS r herpes viruses indicates that re-activation cannot be a result 
of the breakdown of humoral respons mechanisms. That is, re-activation occurs in a short number of days 
whil serum antibodi s are still abundant In part becaus of the above circumstantial vidence in humoral 
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response and in pari because of other evidence in cellular mechanisms, a breakdown of cell mediated 
response mechanisms is implicated in re-activation of these disease causing agents. 

In the cas of tuberculosis (hereinafter "TB"). another disease where cellular immunity is paramount, IL- 
2, also known as T cell growth factor, can restor th in vitro cellular immune response to th mycobac- 
terium. Since IL-1 is available in subjects afflicted with TB, a defect in the stimulation of IL-2 production by 
the cells implies a failure of the APC presentation or recognition process. 

Exogenously provided IL-2 can restore, at least in part in an in vitro assay system with AIDS patients, 
cell mediated immunity activity to Human Immunodeficiency Virus (hereinafter "HIV). This suggests that 
with AIDS there is also a deficiency in IL-2 production, even though IL-1 production is above normal. AIDS 
infected patients also have either poor or ineffective antibody dependent cellular cytotoxicity (hereinafter 
"ADCC tt ) l antibody complement cytotoxicity (hereinafter "ACC") or natural killer (hereinafter "NK") activity, 
even at early stages before any clinical signs of AIDS related complex (hereinafter -ARC) or AIDS. 

There are currently a series of in vitro assays for cell mediated immunity which use cells from tfie host 
both as the substrate cell that initiates or stimulates the reaction for which the assay has been developed 
and as the target to assess cell mediated immunity. These in vitro assays include the cytotoxic T 
lymphocyte assay (hereinafter "CTL"); rymphoproWerative assays. e.g., tritiated thymidine incorporation; the 
protein kinase assays, the ion transport assay and the lymphocyte migration inhibition function assay 
(hereinafter "LIF") (Hickling. J.K. et al, J. Virol . 613463 (1987); Hengel, H. et al, J. Immunol. . 139:4196 
(1987); Thorley-Lawson, DA. et al. Proa Natl. Acad. So. USA, 84:5384 (1987); Kadival, GJ. et a!, J. 
Immunol. , 1395447 (1987); Samuelson. LE. et al, J. Immunol. . 1395708 (1987); Cason, J. et al. J. 
Immunol. Meth. , 102:109 (1987); and Tsein, R.J. et al, Nature , 293:68 (1982)). These assays are disadvanta^ 
geous in that they may lack true specificity for cell mediated immunity activity, they require antigen 
processing and presentation by an APC of the same MHC type, they are slow (sometimes lasting several 
days), and some are subjective and/or require the use of radioisotopes. 

WO-A-8800057 discloses heterofunctional reagents for modulating the immune system, e.g. T cells, the 
reagent comprising an antigen or epitope and polymorphic region of transplantation antigens (a part of the 
Major Histocompatibility Complex (MHC)). The reagent is stated to be useful in vaccines. 

Francis et al. Nature 330:168-170 (Nov. 1987), and MHIich et al, PNAS USA 85:1610-14 (March 1988), 
disclose a heterofunctional reagent comprising an antigen or an epitope and a second polypeptide which 
interacts with T cells such that T helper cell proliferation is elicited. An antibody response is detected, which 
could not be detected using the antigen alone. 

SUMMARY OF THE INVENTION 

According to a first aspect of the present invention, a heterofunctional cellular immunological reagent 
comprises, covalently linked together, at least two T cell specific binding ligands derived from different 
molecules, wherein one of the ligands binds to a specific class or subclass of T cells and another of the 
ligands is an antigen associated with disease or a causative agent of disease, or epitope thereof, and 
wherein when said one ligand is derived from an MHC molecule, such is derived from the highly conserved 
region of the MHC molecule. 

According to a second aspect of the present invention, a vaccine for the prevention or treatment of 
disease, comprises: 

(A) a heterofunctional cellular immunological reagent comprising, covalently Pnked together, at least two 
T cell specific binding ligands, wherein one and another of the ligands are as defined above, and 

(B) a pharmaceuticaily-acceptable carrier or diluent 

the reagent of the invention may be used In a method of diagnosing disease by assaying for the 
presence of T cells in a subject which are active against the disease, comprising measuring the binding of 
the reagent to T cells from a subject so as to determine the presence of a specific class or subclass of T 
cells active against the disease. , 

The present invention employs only a portion of the MHC molecules which bind to T cells, i.e. the 
highly conserved region thereof, and covalently links such to an antigen associated with disease or 
causative agent of disease, or epitope thereof of interest, thereby forming a heterofunctional cellular 
immunological reagent and avoiding the problem, described above, of isolating or using large, and 
polymorphic, MHC molecules. The novel reagent also overcomes the problem that, in some cases, one of 
the reasons for a failure to respond to an antigen is a lack of antigen processing and/or appropriate MHC 
molecules. 

Th present invention also provides a vaccine for diseases, such as AIDS, which specifically stimulates 
cellular immunity to such diseas s. 
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- Further, the present invention overcomes the disadvantage, described above, relating to diagnostic 
assays or cell-mediated immunity. 

DETAILED DESCRIPTION OF THE INVENTION 

5 : ' " ~ 

As discussed above, in one. embodiment of the present invention, a heterofunctional cellular im- 
munological reagent comprises at least two T cell specific binding ligands covalently linked together One of 
the l.gands binds to a specific class or subclass of T cells and another of the ligands is an antigen 
associated with disease or a causative agent of disease, or epitope thereof. 

w As used herein, the expression "T cell specific binding ligand" refers to the entire molecule which binds 
to the surface of the T cell or only the T cell binding portion of the molecule, preferably only the T cell 
binding portion of the molecule. 

The particular type of T cell to which the T cell specific binding ligands bind is not critical to the 
present invention. Examples of such T cells include helper T cells, accessory T cells, suppressor T cells 

is and cytotoxic T cells. These T cells include subclasses thereof, for example, subclasses of helper T cells 
include those helper T cells necessary for antibody synthesis and those necessary for cytotoxic activity 

The particular T cell specific binding figand which binds to a specific class or subclass of T cells 
employed is not critical to the present invention. The particular T cell specific binding figand which binds to 
a specific class or subclass of T cells can be selected so as to bind to all mature T cells, only mature 

20 cytotoxic T cells, helper T cells, suppressor T cells or a specific class or subclass thereof. Examples of 
such T cell specific binding figands include a T cell specific binding figand which is also located on or binds 
to an APC such as portions of MHC Classes I and II; portions of the Fc region of the heavy chain of 
immunoglobulins; la + molecules; lymphocyte function associated molecule-3 (hereinafter "LFA-3")- anti- 
bodies to CD-2. CD-3. CD-4 and CD-8; lectins such as concanvalin A, pokeweed mitogen, peanut agglutinin 

M (6C ?40> 3 " " nin: lymphokines ' such as IL " 1 ,L * and tit™ molecules such as d-poly-(E/K)„ - 

K^ A f n ^" Pf0tein " MHC ClaSS i e - D-Z-ro'C'oglobulin (hereinafter "b-2-M"). which is found in various 
body fluids, such as serum, ascites and urine, has recently been shown to have biological properties 
indwatng that such is a T cell specific binding ligand (see Nissen. M.H. et al. J. Immunol. . 139:1022 (1987)- 
30 ). That is, the addition of this molecule to an in vitro Gr~* release cytotoxic assay system hls~an enhancing 
effect on CTL activity in both heterologous and homologous systems. i.e.. both human (heterologous) and 
munne (homologous) b-2-M give rise to the same biological effect in this assay system that uses murine 
cells. The sequence of b-2-M is reported in Gussow. D. et al. J. Immunol. . 139:3132 (1987). The followina 
sequences at positions 24-58 and positions 58-84, respectively, of b-2-M ire" believed to be particularly 
35 useful T cell specific binding ligands: y 
: CYVSGFHPSDIEVDLLKN6ERIEKVEHSDLSFSK (MW=4474) 
KDWSFYLLYYTEFTPTEKDEYAC (MW=3396) 
These two polypeptides are chosen to end at cysteines for several reasons. First, they represent a site that 
is probably outside of a linear epitope region. This is because in mature b-2-M. they are involved in the 
formation of intramolecular disulfide bonds. Second, they are chosen to take advantage of the cysteine to 
serve as a covalent linking site to Ihe antigen associated with disease or a causative agent of disease or 
epitope thereof. ' 

oono.^T^ SequenC8 for CD " 2 81x1 L™- 3 has been reported (see Peterson, A. et al. Nature. 

3^:842 (1987); and Seed, B.. Nature . 329*40 (1987)). CD-2. which is found on T cells, and a simila7¥nrt 
identically derived molecule, LFA-3, which is found on macrophages, erythrocytes and nerve cells, are both 
knpncated in various T cell receptor, ligand and modulation Interactions, In particular, LFA-3 at positions 87- 

KVSIYPTKGKNVLEK (MW = 1956) 
or the derivatives thereof where a cysteine (c) and two glycines (gg) are added' 
so egg KVSIYPTKGKNVLEK (MW =22283) 
KVSlYPTKGKNVLEKggc (MW=222a3) 
or at positions 42-58: 

KTSAKKKIAQFRKEK (MW = 2043) 
or the derivatives thereof: 
55 KTSAKKKlAQFRKEKggc (MW=2314) 
ccg KTSAKKKIAQFRKEK (MW=2314) 
ar beH ved to be useful T cell specific binding ligands. 
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- Based upon the charged nature of these polypeptides, in addition to their possible direct use as a T cell 
specific binding ligand. a corresponding acidic polypeptide from within another region of LFA-3 is believed 
to be useful as a T cell specific binding ligand (see Breitmeyer, J.B., Nature , 329:760 (1987)). That is the 
carboxyl ultimate or penultimate sequence of LFA-3: 
5 . SRHRYAUPIPLAVnTCIVLYMNGIL (MW=3520) 

or the derivatives thereof wherein an internal cysteine is replaced by amino-butyric acid (Abu) and/or an 
internal methionine is replaced by nor-leucine (NIe): 

SRHRYAUPIPLAVITTAbuIVLYMNGIL (MW=3502) 
SRHRYAUPIPLAVITTAbulVLYNleNGIL (MW= 3474) 
io or the derivative thereof: 

cggSRHRYALIPIPLAVITTAbuIVLYNIeNGIL (MW= 3746) 
As discussed above, these derivatives contain amino-butyric acid (Abu) and nor-leucine (Nie). The reason 
for the former substitution is to avoid the possibility of forming homofunctional conjugates by removing a 
source of suffhydryl. The reason for the latter substitution is to remove a labile methionine which can cleave 
is the peptide bond and form a homocysteine terminated polypeptide. 

Antibodies to CD-2, CD-3. CD-4 and CD-8 are well known in the art (see Kung, P. et al, Proc Natl 
Acad. So. USA, 77:4914 (1980)). * ici.rToc.iNaD. 

In cases where the sequence of the T cell specific binding ligands are not known, such as for 
antibodies to Cr>2, CD-3, CD-4, CD-8, lectins and la + the sequence must be determined in whole or part 
It is possible to determine a theoretical sequence by determining the nucleotide sequence of the anti-sense 
nucleotide sequence and reading in reverse direction along the double stranded DNA backbone and 
preparing an anti-sense polypeptide (see Smith, LR., J. Immunol. , 138:7 (1987)) or by using the computer 
technology disclosed in U.S. Patent 4.704,692. 

Lectins, such as concanvafin A, are well known to be multivalent and to possess specific binding sites 
for their ligands (see Edelmann, G.M. et al, Proc. NatL Acad. Sci. USA , 69:2580 (1972)). In addition it is 
well known that they cause a specific general activation of T cells and alter the pathway of events' (see 
Zimmerman, D.H. et al, J. Immunol. , Ill :1326 (1973)). One such T cell specific binding sequence derived 
from concanvafin A is at position 80-1 10: 

LNDVLPEWVRVGLDSASTGLYKETNTILSWS (MW=4040) 
(see Wang, J.L et al, J. Biol. Chem. , 250:1490 (1975) and Edelmann, G.M. et al, Proc. Natl Acad Sci USA 
69:2580 (1 972)). : — : 

ft is well known that IL-1 has activity on several types of T cells, i.e., helper T cells and suppressor T 
cells, and is produced by the APC. Nencioni, L et al, J. Immunol. , 139:800 (1987) have described the 
following T cell specific binding sequence for IL-1 at positions 163-171- 

VQGEESNDK (MW = 1149) 
or the derivative thereof: 

VQGEESNDKggc (MW = 1420) 

Similarly, IL-2, produced by one type of T cell, i.e., T helper cells, interacts with receptors on the same 
and other T cells, i.e.. Th and Tc/s cells (see Aftman, A. et ai. Proc. Natl. Acad. Sci. USA, 812176 (1984)) 
IL-2 is reported to have an effect on immune antibody responses. IL-2 is believed by the present inventors 
to be useful as a T cell specific binding ligand, particularly at positions 34-39: 

LEHLLL (MW=827) 
and the derivative thereof: 
cggLEHLL (MW=1098) 

since these polypeptides compete wfth IL-2 is a binding bioassay (see Reiner, VY£. et aJ, Proc. Natl Acad 

Sci USA . 833188 (1987)). ~ — — : . 

Especially, IL-2 at positions 18-32: 

TNSAPTSSSTKKTQL (MW=1802) 

The amino acids TSS-T" appears to be highly conserved from a variety of sources (see Kohtz. D S et 
al. J. ViroL, C£659 (1988)). Thus, the following derivatives of the above sequence found in retroviral protein 
sequences, which contains the TSS-T structure, may be employed as a T cell specific binding ligand- 
TNSAPTSSSTKKTLggc (MW=2071) 9 9 

AbuggTNSAPTSSSTKKTQL (MW = 2055) 

Uu, F.-T. et al, Biochem, 18.-690 (1979) describe an inhibitory/suppressive haptenlc carrier for induction 
of antibody production that is a polymer of D-glutamic acid and lysine, referred to as poly-(D-GL) (60:40) or. 
using th present nomenclature f r amino acids, referred t as d-poly-(E/K)„ (60:40). In light f current 
knowledge f T cell receptors, it is believed by the present inv ntors that this polymer f D-glutamic acid 
and lysine ncompasses a T cell binding ligand for the suppressor T cell and thus is believed to b useful 
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in the present invention. 

K is well known that both MHC Class I and U molecules are composed of multiple chains that are 
involved in multiple binding to each other, other membran associated entities, antigens, agretopes, 
epitopes, and T ceil receptors. One such molecule, b-2-M discussed abov (Gussow. D. et al, J. Immunol. . 
5 139:3132 (1987)), is a small protein associated with MHC Class I. The above-mentioned sequences of b-2- 
M can be used for preparing trivalent heterofunctional cellular immunological reagents of the present 
invention. Similarly, sequences of LFA-3 or la + are useful for preparing trivalent heterofunctional cellular 
immunological reagents of the present invention when one wants to involve both APC and T cells, in 
conjunction with the amino terminal polypeptide of b-2-M at positions 1-21: 
w INRTPKINVRSRHPAENGKSN (MW2749) 
or the derivatives thereof: 

egg INRTPKINVRSRHPAENGKSN (MW3020) 

INRTPKINVRSRHPAENGKSNggc (MW3020) 

Since immunogenic for an antibody response, the following polypeptides of human* chorionic 
75 somatotropin (hereinafter "HcS") at positions 166-174 may serve as a control to discriminate between those 
effects that are solely dependent upon the antigen epitope and those that also need the contribution of the 
figand functional binding to a T cell which these HcS polypeptides do not (see Antioni, G. et al, Mot. 
Immunol. . 22:1337 (1985)): 

FRKDMDKVE (MW = 1 321 ) 
20 and the derivatives thereof: 

FRKDNleDKVE (MW = 1293) 

FRKDNIeDKVEggc (MW= 1565) 

AbuggFRKDNIeDKVE (MW = 1 547) 

The T cell specific binding ligand or the T cell binding portion thereof or control polypeptide is 
25 commercially available or customized synthesized (Applied Biosystems (Foster City, CA), Biosearch (San 
Rafel, CA) Cambridge Research Biochemicals (Cambridge U.K.), Bachem Inc. (Torrance, CA), Serva 
(Westbury, NY) or obtained from an appropriate natural source. 

The T cell specific binding figand is stored as a dry powder in a dessicated environment at -20 to 
-70*C. 

30 In the following examples, all media and solutions are made up in freshly prepared glass distilled water 
or water of at least the same or greater quality unless otherwise indicated. These examples are provided for 
illustrative purposes only and are in no way intended to limit the scope of the present invention. 

SYNTHESIS EXAMPLE 1 

35 

Isolation of the b-2-M T Cell Specific Ligand 

The following example describes isolating and determining the T cell specific binding portion of a 
protein, i.e., b-2-M, whose amino acid sequence and nucleotide sequence are known. The approach 
40 described herein is also useful for a wide variety of other T cell specific binding Hgands, e.g., lectins such 
as concanvafln A, pokeweed mitogen, peanut agglutinin and phytohemagglutinin; antibodies including those 
for cell surface proteins, such as CD-2, CD-3, CD-4, CD-8. etc.; as well as surface proteins such as LFA-3 
and la + , where all of the sequences may not be known. 

In this example, b-2-M extracted from cultured human B cells is purified by, e.g., affinity chromatog- 
45 raphy as described in Lerch, P.G. et al, MoL Immunol. , 23:131 (1986). 

More specifically, the murine monoclonal antibody (anti-human b-2-M) producing hybridoma BBM.1 
(ATCC No. HB-28) is grown in RPMl 1640 media containing 5.0 to 10% (v/v) fetal bovine serum. When 100 
ml of cells at a concentration of 5 X 10 s cells/ml are obtained, the cells are collected by centrifugation at 
500 x g at 15 to 25 • C for 5 min and resuspended in 50 ml of 0.01 M potassium phosphate buffer (pH 7.0) 
so containing 0.15 M NaCI (hereinafter "PBS"), centrifuged as described above and resuspended In 50 ml of 
the same buffer. 

Each of 15-25 (10-14 week old) Balb/c female mice, which have been inoculated 5.0 to 30 days, 
preferably 10 to 15 days, before with 0.5 ml of pristane (Serva, Westbury, NY), is injected intraperitonealry 
with 0.1 to 1.0 ml of the resulting BBM.1 cells (0.2 x 10 s to 1 x 10 6 cellstoil), preferably 0.5 ml (0.3 x 10* 
55 cells/ml). The inoculated mice are observed every other day for the next 10 days and starting on day 10, 
the mice are xamined and ascites fluid collected by the "tapping", i. ., pen trati n, of th abdominal 
cavity, not more than v ry other day, with a 16-18 gaug needle (B bevel) and all wing th ascites fluid to 
drain into a sterile 15 ml centrifuge tube. After storage overnight at 4 9 C to allow th fluid to clot, th clot is 
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removed by centrifuging the sampl at 1500 x g at 2 to 8* C for 15 min and the clear straw to reddish 
colored ascites fluid is collected. The collected fluid is pooled Into 50 ml centrifuge tubes and stored at -20 
to -70 • C until all of the mice that ar being so tapped xpir . All of the thus collected fluid from one group 
of mice, inoculated at the sam time with the same lot of cells, is thawed, pooled, centrifuged as described 
above and aliquoted into 5.0 ml samples and frozen until used. Approximately 50 to 150 ml of fluid Is 
collected depending upon the properties of the particular hybridoma employed, such as cell viability, growth 
rate and rate of production; the number of mice; and the overall efficiency of inoculation, collection and 
harvesting of fluid from the clotted material. 

The antibodies are purified from the fluid (serum, ascites, tissue culture fluid) by precipitation and 
separation of the antibodies from many of the other fluid proteins. For example, the antibodies can be 
selectively precipitated by ammonium sulfate as follows. 

The thawed fluid volume is recorded and the fluid is gently stirred while cooling to 4'C in an ice bath. If 
serum is used, an equal volume of cold distilled or deionized water is slowly added. Then, while continually 
stirring, solid crystalline enzyme grade ammonium sulfate (Life Technologies, Inc., Gaithersburg,*MD) is 
added to an amount calculated as follows (total in g = volume in ml x 0.706 g/ml x 0.4). The mixture is then 
stirred for at least 1.0 hours and centrifuged at 3000 x g at 2 to 8 »C for 45 min to separate the precipitated 
protein from the soluble material. Next, the precipitated protein Is resuspended in a minimal volume, 
typically about 1.0 to 10% of the starting sample, using, e.g.. PBS, and dialyzed against the same buffer at 
4* C for a minimum of 2 hours per buffer change and a minimum of 3 buffer changes, wherein the volume 
ratio of buffer to sample is at least 50:1. Then, the sample is clarified by centrifugation at 3000 x g at 2 to 
8 * C for 15 min and/or by ultrafiltration (0.2 urn filter size) before use or storage. If stored for any significant 
time, the sample is again clarified before use. If a fatty-like pellicle exists floating on top of the fluid phase, 
it can interfere with some of the subsequent steps and should be removed and discarded by either 
collection using a syringe and needle below the pellicle or by passage over a glass wool fiber filter pad. 

More specifically, if 100 ml of ascites or serum is used, 100 ml of water is added along with 56.48 g of 
ammonium sulfate. The precipitated antibodies are resuspended in 5.0 ml of PBS and another 5.0 ml of 
PBS is used to wash the material into the dialysis bag. After dialysis against 1.0 liter of 0.01 M potassium 
phosphate buffer (pH 7.0) for 18 to 72 hours and using at least 3 buffer changes of at least 1.0 titer each, 
the volume is about 15 ml. (Note, different buffers are employed for dialysis depending on the particular 
needs, i.e., ion exchange chromatography with a DE-52 (Whatman™, Clifton, NJ) column usually employs 
0.001 to 0.05 M potassium phosphate buffer (pH 6.5 to 7.5), preferably 0.01 M potassium phosphate buffer 
(pH 7.0); or fast pressure liquid chromatography (hereinafter "FPLC") usually employs 0.01 M Tris-HCI 
buffer (pH 7.5 to 8.5), preferably 0.02 M Tris-HCI buffer (pH 8.0)). 

The resulting material is applied to a DE-52 column (2.5 x 10 cm), eluted with, e.g., 0.01 M potassium 
phosphate buffer (pH 7.0) and 2.0 ml fractions collected. The bulk of the antibodies are collected in 
fractions 5 to 15 for a total volume of 20 ml with an average protein content of > 5.0 mg/ml (based on an 
A280 of 1.5 for 1.0 mg/ml). 

Alternatively, polyethylene glycol (PEG-6000) (Sigma Chemical Co., St Louis, MO) can be used to 
precipitate antibodies from sera, ascites and is most useful with large volumes of dilute protein solutions, 
such as tissue culture fluid. 

More specifically, the volume is recorded and the material cooled to 4*C. While gently stirring, fine 
granular PEG-6000 is added to bring the final concentration to the desired % (w/v). For IgM, the final 
concentration of PEG-6000 is about 5.0% (w/v). For IgG, the final concentration of PE(^6000 is about 12% 
(w/v). although in some cases up to 20% (w/v) may be required. The material is left to stir for at least 1.0 
hour at 2 to 8*C after all of the PEG-6000 is dissolved. Then, the material is centrifuged at *1500 x g at 2 
to 8*C for 30 min and the precipitated and soluble material are separated by decanting; Next, the 
precipitate is dissolved in a minimal volume (1.0^4 (v/v) of sample volume) of PBS, dialyzed and 
fractionated as described above. 

In another alternative, caprylic (octanoic acid) treatment can be carried out to purify antibodies from 
clotted sera, plasma ascites or tissue culture fluid. ....... \ 

More specifically, concentrated acetic acid is slowly added in small amounts thereto at 4* C with gentle 
stirring so as to adjust the pH to 4 to 5. Then, caprylic acid (octanoic acid) Is added slowly with stirring In 
an amount of, e.g., 3.3 ml per 100 ml of ascites or serum, for at least 1.0 hour at 2 to 8 *C and the material 
is centrifuged at 3000 x g at 2 to 8* C for 30 min to separate precipitated non^mmunogtobuiins and soluble 
antibodies. The precipitate is discarded, the pH of the supernatant is adjusted to 7.0 with 1.0 M sodium 
phosphat buff r (pH 7.5), th supernatant is dialyzed against PBS, or 0.01 M potassium phosphate buffer 
(pH 7.0). if DE-52 chromatography as described above is t be carried out 
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- To a solution of 0.1 to 20 mg/ml, preferably 10 mg/ml of antibody, purified as described above, is 
added an qual volume, preferably 5,0 ml, of freshly washed Affi-Gel^-IO (BioRad. Richmond, CA) in 0.01 
M potassium phosphat buffer (pH 7.0). Then, the tube or container with the protein and gel is sealed and 
placed at 2 to 8*C in a rotating capped vessel overnight in order to allow th coupling of the antibody to 
the gel matrix. The next day the liquid is decanted off and the gel is washed at least three times with a 10 
fold volume of cold PBS. The settled gel is resuspended in an equal volume of 0.1 M ethanolamine in PBS, 
stirred for 1 hour at 4*C. washed extensively with PBS and then "stripped* with an agent, such as a 
chaotropic buffer, e.g.. 2.8 M MgCfe. which can be used to elute the T cell specific binding figand, i.e.. b-2- 
M, from the bound antibody. Next, the gel is re-equiiibrated in PBS, and finally stored at 4'C in PBS 
containing 0.01 M EDTA and 0.1% (w/v) NaN 3 . For initial use and after storage for long periods of time, i.e., 
greater than 1 week, the gel is first poured Into a column (1.0 to 1.5 x 2.5 to 5 cm) which Is washed with 50 
ml each of PBS, 2.8 M MgCfe and PBS. 

Next, the T cell specific binding ligand b-2-M is prepared from cultured human B cells (H^L 92.1.7) 
(ATCC No. TIB-80). More specifically, HEL 92.1.7 cells are cultured in a suspension culture using RPMI 
1640 containing 10% (v/v) fetal bovine serum. Approximately 1000 ml of cells, at a density of about 5 x 10 s 
cells/ml are collected. The cells are then extracted for b-2-M as described by Lerch, P.G et al Mol 

Immunol. . 23:321 (1986). ' : 

Alternatively, the cells are suspended in 10 to 20 ml of cold 3.0 M KCI and after allowing to sit for a 
brief time, the treated cells are centrifuged at 3000 x g at 2 to 8* C for 30 min so as to pellet end separate 
the solublized surface membrane released proteins from the insoluble material. To the solubilized mem- 
brane proteins is added a 1.0% (v/v) of Triton™ X-100. Then, the material is dialyzed against 3 changes of 
1.0 liter each of cold PBS. After dialysis, the sample is clarified by centrifugation at 10,000 x g for 30 min. 
The preparation may be filtered using a 0.2 urn filter if desired. 

Thereafter, the sample is applied to the anti-b-2-M affinity column prepared as described above, eluted 
with 100 ml of PBS or more until the absorbance level in the eiuent. as monitored by absorption at A280. is 
less than 0.1% of the starting sample or is undetectable. Then, the T cell specific binding ligand, i.e., b-2-M 
is eluted with 2.8 M MgCfe. at a flow rate of 1 to 20 ml/hour. Individual fractions having a volume of 0.1 to 
2.0 ml are collected depending upon the sample, buffer and column. 

Size exclusion (molecular sieve) and/or desalting (buffer exchange) chromatography with appropriate 
sizing characteristics for the T cell specific binding ligand and buffer is carried out on the peak protein 
containing fractions from the affinity column described above to reduce the salt content from the 2.8 M 
MgCfe and to separate aggregated material from native material. Neutral, non-dissociating buffers, e.g., 
PBS. or other saline buffers with pH ranges of 6.0 to 9.6 such as, Tris-HCI, 0.05 M sodium barbital, 0.05 M 
sodium borate or 0.1 M sodium bicarbonate can be employed for this chromatography. In some cases, 
dissociating buffers, e.g., 5.0 M guanidine HCI, 8.0 M urea. 0.1 to 2.0% (vA/) detergents; such as Triton™' 
X-100 can be employed for this chromatography, especially for removal of aggregates. Buffers which are 
volatile for ease in lyophilization such as, 0.1 to 1.0 M ammonium formate or 0.1 to 1.0 M ammonium 
acetate can also be employed. Nonvolatile buffers are preferably employed if lyophilization is not required. 
The sample volume is about 1.0% (v/v) or less of the bed volume, the void position is about 0.3 to 0.4 of 
the bed volume, the internal volume is about 1.0 to 1.2 of the bed volume and the optimal fraction size is 
about 1.0% of the column. Collection of fractions begins upon application of the sample. The flow rate is as 
specified by the manufacture, preferably using mid-point to lower values. 

Enzyme digestion of the resulting purified T cell specific binding ligand is then carried out to determine 
the T cell specific binding portion thereof. More specifically, 2.0 mg/ml of the purified T cell specific binding 
ligand Is dissolved in an appropriate enzyme digestion buffer, such as 0.1 M ammonium acetate (pH 7.0), 
and to 1.0 ml thereof is added 50 ul of a proteolytic enzyme, /such as trypsin, chymotrypsin, thermolysin,' 
proteinase K, Staphylococcus aureus protease, Submaxilaris protease, subtilisin, or clostripian, to achieve a 
weight ratio of enzyme to substrate of 1:50. For example. 0.1 ml of purified b-2-M at 20 mg/ml In PBS Is 
added to 0.9 ml of 0.1 M ammonium acetate (pH 7.0). Then, 50 ul of a 2.0 mg enzyme solution in water is 
added. Incubation is carried out at about 37 *C for time intervals of about 10 to 120 min. At this point, the 
reaction in, e.g., a 13 x 100 glass test tube capped loosely with a marble, is terminated by immersion of the 
tube to a depth of 2.0 to 4.0 cm in a boiling water bath for 5 min. The terminated reaction sample is then 
lyophllized, or In some cases 100 ul thereof is added to 10 ml of PBS. and assayed directly. The latter is 
carried out at the initial stages when it is not necessary to separate the digested polypeptides, i.e., it is only 
necessary to determine an allowable reaction condition for limited proteolysis to yi Id digested polypep- 
tides. In this cas , 6 r plicat sets f reactions for each enzyme are prepared and termination is carried out 
after 0, 10, 20. 30. 60 and 120 min of Incubation. Trypsin digestion Is also p rformed on native and 
citraconylated T cell specific binding ligands to distinguish between lysine and arginin sensitiv sites. 
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Nolo, citraconylated lysines are resistant to trypsin hydrolysis. 

More specifically, multiple preparations are separately prepared as follows with each enzyme and time 
point 0.1 ml of a punfied b-2-M preparation containing 20 mg/ml protein in PBS is added to 0 1 M of 
ammonium bicarbonate (pH 7.0) and then 0.05 ml of a 1.0 mg/ml enzyme solution of trypsin, or proteinase 
or chymotrypsin. or thermolysin. Staphylococcus aureus protease or clostripain or Submaxilaris protease 
or subtilisin is added. For each time series. 6 identical preparations. In 13 x 100 mm glass test tubes 
covered with a glass marble that fits over the tube top. are prepared and the reaction terminated by 
immersion of the tube to a depth of over 3.0 cm in a boiling water bath for 5 min after 0. 10. 20 30 60 and 
120 mm of incubation. As discussed above, if comparable reactions (for trypsin only) are carried out with or 
without citraconic anhydride treated b-2-M polypeptide, only the arginine sites are sensitive to cteavaae 
since the lysine sites are protected. 

In some cases, selective chemical hydrolysis using, for example. CNBr to cleave methionines Is 
employed in formic acid. Other cleavage sites with other agents or conditions have been reported (see 
Fontana, A., in Meth. in Enzymol.. 25:419 (1972); Ozols, J. et al. J. Biol. Chem.. 252:5986 (1977)- and 
Hunziker. P.E. et al. Blochem. J.. 187:515 (1980)). • 

Amino and carboxyl terminal amino acids are determined using either appropriate proteases as 
recommended by the manufacturer (Pierce Chemicals. Rockford. IL) or by a system for automated 
sequential degradation, separation and analysis, i.e.. a -polypeptide sequencer" (Applied Biosystems 
Poster Crty CA). Also, it is often the case that the polypeptide will be analyzed for total amino acid content 
after hydrolysis for 24. 48 and 72 hours in boiling 6.0 N HCI or using other appropriate means as 
recommended by the manufacturer of an "amino acid analyzer" (Beckman. Palo Alto. CA; and AoDlied 
Biosystems. Foster City. CA). 

To detect a reactive polypeptide derived from the purified T cell specific binding ligand. a standard 
competition inhibition immunoassay is performed wherein the test specimen, e.g.. enzyme-digested sample 
is incubated at several dilutions with the ligand binding species prior to the indicator being incubated with a 
labeled indicator. Normally, replicates are carried out at at least 3 different dilutions, usually over 3 ten fold 
log l.e 1/10 .1/100. and 1/1000. With very concentrated or high affinity T cell specific binding ligand 
higher dilution levels are employed, such as 1/10.000, 1/100.000. up to 1.000.000 or even greater ' 
The labelled indicator in this case is t>2-M that is coupled with an appropriate molecule such as Biotjn- 
N-hydroxysuccimide ester (Biotin-IMHS) (Pierce Chemical. Rockford. IL). Other labelled indicators include 
radioisotopes, fluorescent dyes or common color developing enzymes, such as horseradish peroxidase can 
be employed in place of Biotin. The competition can be carried out with a monoclonal antibody or other 
ligand binding species, such as a T cell membrane. In the former case, after the appropriate pre-incubation 
of the diluted enzymatic or chemically digested materials and the Biotin-b-2-M conjugate at the optimal 
dilution, which is determined previously for that particular lot, the mixture of materials is reacted with the T 
cell or immobilized monoclonal antibody. Typically with a 1.0 mg/ml solution of b-2-M and an indica- 
tor/protein ratio of 2.0 the dilution will be 1:10.000. Immobilized monoclonal antibody can be employed if 
properly selected to recognize the same ligand as the T cell membrane component, i.e.. if it competes with 
the T cell for binding to the native ligand. The use of non-living material Is preferable for a number of 
reasons, including less dependence on sensitive critical and sometimes unavailable living material ease of 
use and control of conditions. 

After incubating the mixture of the competing species and the Immobilized material (cells or antibody 
coated microplates). for example, at 37 -C for 120 min for monoclonal antibody coated microplates or at 2 
to 8-C for 30 min for T cells, the cells or microplates are washed extensively with PBS. and the presence 
of the jbound labeled species detected, directly ff possible or developed as required. H development is 
required, a conjugate of avidin and either horseradish peroxidase or fluorescein is used at a dilution of 1 250 
to 1 poo and Incubated as described above for the Biotin-denVative. and washed and processed as 
required to detect hs presence. 

Once a enzyme system is identified that digests the T cell specific binding ligand but does not 
substantially alter its activity, it Is verified that the reactive polypeptide Is Indeed a polypeptide by a variety 
of techniques, such as RP-HPLC. high voltage electrophoresis and ascending thin layer chromatography. 

For RP-HPLC. a C-18 column (Vydac 15 to 20 urn 300 A pore size 30 x 5 cm) can be used. In this 
case, a gradient of a mixture of aqueous triethylammonium phosphate ("TEAP") (pH 2.25) and 60 or 70% 
(v/v) acetonitrile with 0.1% (v/v) aqueous trifluoroacetJc acid (hereinafter TFA") in TEAP can be used as an 
elution buffer. A flow rate of 2.0 mlAnin for an analytical column and 80 to 120 ml/min for a preparative 
column can be mployed. Polypeptides are detected by monitoring absorbance at A» 0 (see Hoeqer C t 
al. Blotechniques . 2:134 (198711 a 
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For high voltage electrophoresis, two-dimensional separations using a solid support, such as Whatman 
3MM paper, is carried out A total of 100 to 400 ug of enzyme digested material is loaded onto the support 
by multiple additions and drying of 5.0 to 10 ul samples of enzym digested material onto a spot in the 
comer, inside 1.0 cm in each dimension, of 23 x 23 cm paper. High voltage electrophoresis is carried out 
using a buffer system of pyridine:acetic acid water (25:1:225 (v/v/v)) at 2.0 kV and 35 to 60 m A for 80 min at 
2 to 8 'C. After removing and drying f the support is rotated 90 degrees and then equilibrated in the solvent 
described below for thin layer chromatography (TLC) and chromatographed in the same manner After 
drying, polypeptides are detected by the use of 0.0215% (w/v) of a commercial Ninhydrin Spray or 
fluorescamine dye (Hoffmann-URoche, Nutley, NJ) in acetone and UV fight 

For ascending TLC. 3.0 ul of lyopholized enzyme digested material is dissolved in 10% (v/v) acetic acid 
at 2.0 mg/ml. Among the useful commercially available TLC plates are those available from E Merck 
(Darnstadt, West Germany). The sample (3.0 ul) is applied to the plates which are placed above an 
atmosphere saturated with a solvent system of pyridine :n-butanolacetic acid.-water (50:75:15:60 (vAMv)) at 
4 • C. After allowing to equilibrate for 2 hours, the plates are introduced into the solvent to a depth of about 
1.0 cm and allowed to develop overnight Usually the solvent front advances up about 18 cm. The plates 
are then removed and dried at room temperature After drying, the polypeptides are detected as described 
above. The polypeptides so detected are then eluted from the plates with 0.07% (v/v) ammonium 
hydroxide, followed by competitive inhibition analysis (if an appropriate dilution is allowable with the buffers 
or else ryophilized first to concentrate such). 

The separated polypeptide may be fixed onto the plates (or paper if appropriate) with 2 0% (v/v) 
glutaraldehyde for 15 min, "blocked" with a mixture of 2.0% (v/v) serum of the same species as the 
enzyme conjugated antibody to be used later and 2.0 to 10% (v/v) bovine serum albumin in 0.1 M Tris (pH 
8.0) containing 0.15 M sodium chloride. Then, the fixed polypeptide is analyzed for reactivity by reaction 
with about 0.1 ug of, e.g., Biotin- or enzyme-, such as horseradish peroxidase or alkaline phosphatase 
conjugated antibody by incubation therewith for 1 to 18 hours at 4 to 37 *C. washed with the same buffer 
and then developed with a precipitating color as per standard Western blot immunological procedures 
(Biotech. Rockville, MD). 

Alternatively, if the labelled indicator that the polypeptide reacts with is an antibody, the unlabeled 
antibody is dissolved in freshly prepared 0.15 M sodium carbonate buffer (pH 9.5) at a concentration 
generally of about 0.1 to 10 ug/ml, and then added in an amount of 100 to 200 ul/well of microtiter plates 
(Immunlon Dynatech, Alexandria, VA or BD. Oxnard. CA). This coated antibody, while reactive with the 
parent molecule and derivatives thereof, is of a different specificity than that of the labelled antibody. Thus, 
it does not compete, interfere or stimulate the binding of the other antibody but, rather, only serves as a 
means of attachment for the Dgand that the other monoclonal antibody binds. The plates are covered for 2 
hours at room temperature, washed 3 to 5 times with 0.01 to 5.0% (v/v) bovine serum albumin (hereinafter 
"BSA) along with 0.1% (v/v) Tween™-20, or other mild detergent such as. Triton™ X-100, in PBS at 4*C 
If necessary, 0.01% (v/v) PVP and/or 5.0 to 20 mg/ml of sugar, such as dextrose or sucrose are added for 
stability in the last few washes, dried and stored In a dark moisture free environment 4*C. In addition, if 
necessary, the wells may be fixed with agents, such as 0.25 to 2.0% (v/v), preferably 0.25% (v/v) 'of 
glutaraldehyde prior to blocking with BSA. 

An appropriately diluted sample of polypeptide (1:100 to 1,000,000) in PBS containing 0.1% detergent. 
e.g.. Tween™-20, is added along with diluted animal sera of the same type as that of the detection 
conjugate (erizymeantibody) and incubated at 37 -C for 30 min to 24 hours. Then, the wells are washed 5 
times with PBS and an appropriate dilution of the detection conjugate (1/1000 to 100,000) in the same 
buffer is added incubated and washed as described above. Next, substrate is added and detection is 
carried out as described above. 

In addition, the amino acid composition of the final product is determined and then compared with the 
predicted amino acid composition. A deviation greater than 5 to 10% is investigated in order to verify that 
the product Is what is expected, and that the deviation Is due to the hydrolysis condition used to determine 
the enzyme digest 

The particular antigen or epitope thereof which is associated with disease is also not critical to the 
present invention. Examples of such antigens include allergens, such as cat dander antigens, dust mite 
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«J^i? < ! 0n, . ,he PaitCUlar Causative 8flent of dsease t0 wnich *• antigen or epitope thereof is 
aerated, is also not critical to the present Invention. Bcamp.es of causative agents SffasVSSud 

-EBV"\ c^T H aS T HerP6S Simp ' eX VmS (hereinafter " HSV ">- Bar vZ ££2, 

s JSli, *T* ^ ,naStsr " CMV ">. h "™" B lymphotropic virus (hereinafter' "HBLvVvaSa 

mSLT ^ 6 '^ W1, aden ° VimS and hepatitis B bacteria - •»* as streptococcus dZSa 

. Furthermore the particular disease to which prevention, treatment or diagnosis Is desired is not critical 
» ^Sf* 0 " "* ^ *** "* diS6aS0 aSS0C,ated * ^above-descn^'Xt or 
Recently, several polypeptides have been reported that are able to generate antibodies that react with a 
pnon protem having the following sequences at positions 90-102. 15^0 and S-223 re!^c2v Zl 
Barry. FLA. et al. J. Immunol. . 140:1 185 (1988))- ' tes P ec ^^V (see 

GQGGGTHNQWNKP6GC (MW=1960) 
is MWTDVGLCKKRPKPGGWNTGGSYRYPGGC (MW=3685> 
CGGKESNAYYDGRRSSA (MW=2109) 

p., ittnys S^SSfeSS <,988> ■—«*»* * - 

GITPAVKRDVDLFLTGTPDEYVEQVAOYKAPDV (MW=4213) 
to or the derivative thereof: 

GITPAVKRDVDLFLTGTPDEYVEQVAQYKAPDVc (MW=4331) 
oI , Jl^TT 06 ?V*r Shar * 6 b/ ^ 6ar,y r89i0n protein E1b of adenovirus type 12 and gfiadin a wheat 
&5^£?E^ '^° nS ^ diS6aSe ^ KaragiaSS J.S e " 

» 275SV^ ^ 9 ' M 61 a1, ± ^ ^ :1544 < 1984 »- T" 3 ' ,s - «■■*» at positions 
FRPSQQN (MW=983) 
and the derivative thereof: 

FRPSQQNggC (MW=1255) 

an ZSZTZ-^ 96 in |I COmr?1on J between adenovirus 9>iadin can be considered illustrative of 
2nT=?/T,l! autoimmune. allerg,c and infectious conditions. Another epitope associated with autoim- 
mune and infectious conditions is that of mycobacterium purified protein derivative (PR? TOs eL~ hT* 
in adjuvant induced arthritis in animate (see lider. O. et a.. Proa S^gSS 

i uJ?!^T . O o m . ye,in b3SiC protein (MBP) and ^O 6 " < see EI| enTan. K.E. et al. Nature 331:265 (1988V 

IteiS^ri? "? ir r Un ° ence P halom y e ^ «* arftritisTriipictK^. Thus. epLpe • tfES 
proteins can be determined and employed in the present invention. 

whicSte ern^H 8 Y^ 8 ° f HIV which ^ associaled humoral immunity and thus 

^ which can be employed ,n the present invention include the envelope proteins of HIV. such as g P 12old 

to^m^m^" 9 anfi9en,c sequence 31 positions 594 ^° 5 <see B - et al - ± 

G(l^l)WGCSGK(UH)(W.)C 

« nn , i ,?l"! e h 96n fl Va "' ant3 exist which nave substitutions at certain non-critical positions, these non-critical 
"? ^ ' 7 3 " r a,0nfl p0SS, ' b,e ^ «*■» *» PQ-dT.ES by 

'giSsgS^ 

^ Some animal experiments demonstrate that the following adjacent region bf HIV gp41 at positions 609- 
so CTTAVPWNASWS (MW=1700) 

^l^fZnf^u' may n0t 60 83 lmmu "°fl°nic ^ humans (see Gnann. JW. et al. J. Infect 
dSect^rL^^" ^ fa " Ureto te ,mmuno fl ente ^ ^ the result of one or more defects. OnVSi 
i^^r t 7 t0 fe009ni2e 3,1 a9re,ope due ,0 la <* of 30 appropriate receptor. Similarty^he 
ss re^L f .^k"? T^* <0r deSifabte Tce " Cbss ' heU TceNsVh7eS;£ 
bISZT *L !?' red but on,y cytotoxic T 06118 •"a 1 "*»9r.ize the epitope are present ThuTotiTr 
potypeptides ,nclud,ng both regions, such as shown below are beli ved t be useful fc?^ sw,«isfe 
^SZ%Z!? """^ immunoto fl i ^ reag nts of th present invention. ^ ^ f 

G(I^)WGCSGK(L^)(I^)CTTAVPWNASWS 
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•or in one form: 

LGLWGCSGKLICTT AVPWNASWS (MW=3118) 
or the derrvatives thereof: 

cggLGLWGCSGKLICTTAVPNASWS (MW=3389) 
5 LGLWGCSGKUCTTAVPWNASWSggc (MW=3389) 

If the sensitive sites of the internal cysteines are substituted with amino-butyric acid (Abu) the eDitooe 
has the sequence shown below: . m « 

LGLWGAbuSGKLIAbuTTAVPNASWSggc (MW=3353) 

. A i«h enVel0P8 Pr ? tei " iS 9P12 °- ° ne ° f ^ epitopes th8reof »octaled with humoral immunity 

io includes the sequence at positions 108-1 19 (see Gnann, J.W. et al, J. Infect Dis.. 156:261 (1987))- 

ILSLWDQSLKPC (MW=1690) '* 

Chanh T.C. et al. EMBO a, 5:3065 (1986); Chanh. T.C. et al. Eur. J. Immunol. , 16:1465 (1986)- 
Kennedy ac. et al, J. BioL Cherp,. 262:5769 (1987); and Kennedy, R-CTita. Scten^eT ^1:1556 (1986)) 
describe the same epitope using their sequence position nomenclature at positions 503-532~ 
15 VAPTAKR WQRKRAVG IG ALFLGFLGAG (MW=3340) 
or the derivative thereof: 

VAPTAKR WQRKRAVG I GALFLGFLG AGggc (MW=361 1) 

• in # ° ne polypeptides shown to be immunogenic, in terms of antibody generation for 

HIV was that for the gp41 protein at positions 735-752* 
20 (R/D)RPEG!EEEGGERDRDR(S/G)C 
or one form thereof: 

RRPEGIEEEGGERDRDRSC (M W = 2570) 
(see Kennedy. P.O. et al. Science, 231:1556 (1986)) and is believed to therefore be a useful polypeptide 
sequence in whole or in part /F F 

« Another one of the HIV proteins, gag pi 7, at positions 92-109* 
IDVKDTKEALEKIEEEQN (MW=2438) 
or the derivatives thereof: 

abugglDVKDTKEALEKIEEEQN (MW =2691) 
IDVKDTKEALEKIEEEQNggc (MW=2709) 
2l!° J* ;™^ # *:%^ a, P ha - "as been discussed as a candidate for immunization to generate 

Ii^lT^^ ^ f"* 1, R Gt * **""»' ^? :1135 < 1986 »' ^ s ^ uence relationship to ttymosin 
alpha strongly suggests the need and relevance to cellular immunity since thymosin alpha is considered to 
be an immune system hormone or immunomodulator. 

rv ^i?*, 8 " 0 pc *W Ww from botn P17 and p24 region described by Gnann, J.W et al. J. Infect 
□is., 156:261 (1987) are believed to be useful in the present invention. These derivatives are imp*ortart 
since some an.mals can recognize and make antibodies to these epitopes and serum antibodies are 
neural-zed ,n an in vitro assay using these epitopes (see Ho. D.D. et al, J. Virol., 61:2024 (1987); and Sarin 

P. et al. Science , 232:1135 ftflflfift. 

As discussed above HSV EBV CMV. HBLV and VZV antigens are also believed to be useful in the 
present invention. For example, Zweig. M. et al. J. Virol, 51*340 (1984) describe for HSV gC. the foliowinq 
antigenic sequence at positions 128-139: ^ 

DRRDPLARYGSR (MW=1659) 
or the derivative thereof: 

DRRDPLARYGSRggc (MW=1932) 

45 h^ 01 / " — ' 51:3607 {1987): md Weiier ' W J ' et * i **** 62:501 0988) describe for 

aS^po^^ 

KRALADASLKMADPNRFRGKDLPVLDQLTD (MW=3888) 
or the derivatives thereof: 

so KRALADASLKMADPNRFRGKDLPVLDQLTDc (MW=4009) 

Kinchington. P.a et al, J. ViroL. 62:802 (1988) describes for the major DNA binding protein of VZV the 
antigenic sequence at the carboxyl terminus: 

PIKHNGITMEMI (MW=1602) 
or the derivatives thereof: 
ss PIKHNGITNIeENIelggc (MW= 1817) 

AbuggPIKHNGITNleENI I (MW=1799) 

518 to^S 0 ^* ^ ~ — " - 1108 (1988> deSCrib ° ,0f EBV 9P85 ' antigeniC Sequence at P° sitions 
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- CSLEREDRDAWHLPAYK (MW = 2467) 
The surface antigen protein of hepatitis B virus has the following antigenic region at positions 144-159 
(see Raff, E.M. et al, EMBO J., 1:869 (1982)): 
LRGDLQVLAQKVARTL (MW = 2079) 
s or the derivative thereof: 

LRGDLQVLAQKVARTLggc (MW=2350) 
or using the nomenclature of others at positions 139-158 (see Bhatnagar, P.K. et al. Proc. Natl. Acad. Sci. 
USA, 79:4400 (1982)): 

CTKPTDGNCTCIPIPSSWAF (MW=2573) 
io or the derivative thereof: 

CTKPTDGNAbuTAbulPIPSSWAF (MW = 2537) 

The preS-2 region of hepatitis B virus is also antigenic, particularly at positions 99-121 (see Jolivet, 
M.E. et al, Infect & Immunol. . 55:1498 (1987), and Aubibert, F.M. et al, Infect. & Immunol. , 45:261 (1984): 
DYQGMLPVCPLIPGSSTTSTGPC (MW = 2731) 
is or the derivative thereof: 

DYQGNIeLPVAbuPLIPGSSTTSTGPC (MW=2685) 

Bacteriaily important epitopes are described in Beachley, E.H. et al, J. Exp. Med, 166:647 (1987), e.g., 
the streptococcal epitopes of the approximately first 10 amino terminal region of the M protein of three 
strains of streptococci and a polypeptide containing these three different amino terminal sequences: 
20 TVTRGTISDPRVFPRGTVENPVATRSQTDTSEKc (MW = 4301) 

or a derivative thereof where the lysine, which contains a potential reactive group, is substituted by glycine, 
which, since it is adjacent to the added cysteine not found in other variants at this location, suggests that it 
is outside of the primary epitope: 

TVTRRGTISDPRVFRRGTVENPVATRSQTDTSEGc (MW=4230) 
25 Jolivet, M.E. et al, Infect & Immunol. , 55:1498 (1987) describe the following antigenic sequence for 
diphtheria toxin at positions 186-201: 

CAGNRVRRSVGSSLKC (MW= 1945) 
or the derivative thereof when the internal cysteine is replaced by amino-butyric acid and two alanines are 
added: 

30 aaAbuAGNRVRRSVGSSLKC (MW2123) 

The circumsporozoite stage protein of Plasmodium, including but not limited to such species as 
falciparum, knowlensi, etc. referred to as CSP-1 , has an internal repetitive sequence depending upon the 
species (see Lise, LD. et al, Infect & Immunol. , 55:2658 (1987); Ballou, W.R. et al, Science , 228:991 
(1985): Jolivet. M.E. et al. Infect & Immunol. . 55:1498 (1987); Patarroyo, M.E. et al. Nature . 328:629 (1987); 
35 and Good, M.F. et al, Science . 235:1059 (1987)). The following antigenic sequences of CSP-1 are believed 
to be useful epitopes in the present invention: 

NANPNANPNANPNANPNAC or (NANP)*C (MW= 1994) 
YfQAQGDGANAGQPfe C (MW = 2925) 
c(QAQGDGANAGQP)2y (MW = 3106) 
40 Other sequences of the CSP-1 used for vaccines include the repetitive sequence: 
[(NANP)i 5 (NVDP)]2 (MW= 15047) 
as well as the following two sequences at positions 103-116 and 323-349, respectively: 
EKLRKPKHKKLKQP (MW=1992) 
NNEEPSDKHIEGYLKKIKNSISTEWSPC (MW = 3849) 
45 (see Good, M.F. et al, Science , 235:1059 (1987)). The latter sequences have been used for generation of an 
immune response either directly or indirectly by "helper T cell epitopes". The last sequence was shown to 
be restricted by the l-A and or H-2 MHC genes of certain phenotypes. 

The amino terminal polypeptide sequence of another Plasmodium protein. i.e., the 35 kd protein, having 
the following sequence, has been used for humoral responses (see Patarroyo, M.E. et al, Nature , 328:629 
so (1987)): 

WGGPANKKNAG (MW = 1237) 
or the derivatives thereof: 

abuggWGGPANKKN AG (MW = 1 622) 
WGGPANKKNAGggc (MW = 1641) 
55 Other polypeptides from malaria proteins which can be employed Include those described in Etlinger, 
H.M. t al, J. Immunol. . 140 :626 (1988); Sadoff, J.C. et al. Science 240 :336 (1988); Richars. HJl t al, Infect 
& Immunol. , 56:682 (1988); Richman. S.J. et al. Proc. Natl. Acad. Sci. USA , 85:1667 (1988); Weiss, W.a et 
al, Proc. Natl. Acad. Sci. USA , 85:573 (1988); Good, M.E. et al. J. Immunol. , 140:1645 (1988); Brake, DA et 
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*l. ^HD2t. J40:1989 (1988); and Good. M.F. et al, Proc. Natl. Acad. Sci. USA, 85-1199 (1988> 

CLIDDWSLIRGGTRK (MW=2015) 
s As another control, epitopic sequences for the foot and mouth disease virus (hereinafter »fmdv-» «.„ 

tXSkSSZ'^ h r inQ ,0 " 0Win9 S6qUenCe 31 •»*"• eU. Na'tuT 

298.30 (1983)) to which cysteine is added at the amino acid- 

CVPNLRGDLQVLAQKVARTLP (MW=2652.2) 
This epitope is of a similar size and composition to the above-deserihAH hak^^;^. . . 
.o control sequence for either replacement the a^. -S2?5E aSTJlS ~" f 1 
disease, or epitope hereof or the other T cel. specific^bin^td. £S^£ 2 

the ammo terminal, it can be linked by several mechanisms LlmJZ^S^ST " * 

»5 139:1578 (1987)): h^uuhs 01 w (see pox, B.S. et al. J. Immunol. . 

IFAGIKKANERAEUAYLKQATKC (MW=3094) 

acds m length, preferably about 40 to 60 amino acids in length. amin ° 
The .heterofunctional cellular immunological reagent of the present invention can be preoared bv th« 
use of b.funct,onal linkers. Examples of bifunctional linkers which can be emotoved in th« L 
to covalently .ink the T cel. specific binding iigand and antigent "da^XdiSaTe ^JESSS 

cSn^l^t^ actrvates and aDows formation of a bridge between two sulfhydryl groups of 

The heterofunctional cellular immunological reagent of the present Invention can also h« m^' k 
chemical syndesis or by using recombinant DNA techniques, £ vJreTe n^^t^en^^ 
SLT 9 C .? ^ ' ifland ^ anfi9en assodated » causative" SKZTilELI 

■i^Mrissr ,nserted into - ~ 

In order to prepare the heterofunctional cellular immunological reagent of the oresent » i* 
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th»' °!?! ndin9 .*? synthetic reactions « other conditions, protection of other reactive groups such as 
ZJZZXZZZ * ' ? r K? r ° UP? * a *^ histid ™ «« carboxyl or denJves^ereo of 
ceKecSb^ r "7 *2 b ° necessar y- ,n "» «• « «" proceed dir ctly to the linking of th T 
tho,l P * 9 l 9and and an,i9en *»• disease or a causative agent of disease or eotooe 

pSon 0 38 P heterofuncfional ce » u,ar '~«ogica. reagent without prior £££££ 

dJS^^Z^^'^ W0Cka9e ° f epSi,0n amiri0 of 'y sine is accomplished by 
th?!?^ Polypept.de w,th cHraconic anhydride, maleic anhydride or other similar acid anhydride^ 

S£ t , * d ' SP,aCe ** " °" "» arah0 9roups - After 1,10 construction of the heterofuncfiondce luS 
SYNTHESIS EXAMPLE 2 USING SPDP 

c 0m ^i„o"r , M?v eXa ! T,Ple deSaibeS ^ produCfion °' a Afunctional cellular immunological reagent 
compns.ng an HIV eprtope covalentiy Onked using SPDP to the T cell specific binding ligand pSrtion^SS 

3.4 mg (2.0 umole) of the derivative of the HIV gp41 epitope- 
AbuTTAVPWNASWS (MW=1682) 

20 v^S 0 ^'" 1 '!!^ 10 ! 0 - 1 M ^ um ^^ ate ^(P H7 -5)«15to25-Cina C onica.stirringre a ction 
d « i'l .!° ^ fe ^ 01 m ' °* 3 frest "y P"*"* 1 SPDP solution (20 umole) (6.4 mZf ofIS? 
SSfilS"'! °- DM .K 0) " ^ * *■ »** " W * forms of subsfituted SPDP are ava^tebte they 

25 raoh^lno » ^.i 8 T* ,0f °- 5 h0WS 81 15 10 2S ' C ' after «™ » e material is chromaS 
s e „h?Ho ~ 9 •^ tm ? C0 ' Umn ' SUCh 38 Bto - flel ™ P2 ' P4 P6 or P1 ° (BioRad. Richmond. CA) oMhe 
Sephadex~ equ.valent In this example, preferably P-2. P-4 or Sephadex~ G-10 Pharmacy Piscatewav 

30 rate J^^?* °f S ° dil " n Ph0Sphate buffer ™> containin 9 015 M at a flow 

used 0 05 to o ?m ; ( mater,a ' ' 5 10 66 , y°P hoB2ed - a " •cceplabto aKernatJve buffer which can be 
used is 0.05 to 0.1 M ammonium acetate buffer (pH 7.0).) 

Th^h!?. 1 ? ° f S ° e . qUa l fraC,i0nS <betWeen 05 ,nd 10 ml in si2e ,or *• Purred column) are collected 

£££ SJS^SS * 81 ' eaSt 100 m ' m ° re °' 0,6 83,1,6 bUffef - 1,16 e,uti0n profile * -onto 2 by 
*? absorbanc© at an appropriate wavelength, typically between A,,o and Under ideal 

espeaa lly on the leadmg edge, of substituted and non-substituted polypeptides. If such desirable resohTon 

but on occaston fractions 4 to 6 1.0 ml fracUons) that represent the bulk of the first oeak conlS t ho ' 
subbed polypeptde are tt,en pooted. A ^ica. expected' yield of the W^SJjSt SST" 
™° "f*"" is a 2-pyridyMrthio-propinate^lypeptjde between the carboxyl of the prooinate 

^0^^^ ^ n ^ ^ d — ^ — 

Next, the T cell specific binding ligand portion of b-2-M- 
KDWSFYLLYYTEFTPTEKDEYAC (MW=3400) 
which contains a cysteine at the carboxyl terminal is employed. To insure that this polypeotide does not 

7 oT rL^ nC / SU,BdeS ' 68 m ° °' ** S 10 «■ - « M sodium SSE?bSTS 

« 4 L^'" ?° n preSenCe «* 10 mM <«hiothreliol (hereinafter "DTT") (freshly prepared by dSvfng 
15^4 mg of DTT ,n 1i) ml water and then adding 100 ul to the above polypepbde solution) After 45mtoa^ 
room temperature, the reduced polypeptide is separated from the DTT and other pnS'bTfi^on^on 

on a Z72Tr Kaunond - CA) - ^ peak,ractionofjh9 PO^P«d P et«CTd 

a . e ^ ma, ! d ^ mola "' Portions of each polypeptide are mixed in a reaction conical sfirr&Svessel 

of Si T ^ " e " 4,16 ** M P 0 ^'^ Preferentially reacts with the 2-pyridyt-propinate^isulfide 
^ 2-pyridyl is displaced and a new disulfide is formed whfch iJSkZSSZ 
bndge wrth a propinate residue. If desired, a chelating agent, such as 0.001 to 0.01 M 22£ 

sr^ jss^'***' heavy metds ftat may — - " 
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- Then, the reaction is terminated by separation of th products and reactants on a molecular sieve and 
des^ng column such as G-lO.or G-25. In this example, a matrix, buffer and flow rate allowing separation 
of 1 2, 3.2 and about 5kD materials is desired and either a P-6 or G-10 column is the preferred choic The 
sample volume is approximately 5.0 ml and a column of 2.5 to 5.0 cm diameter is used. In addition it is 
desirable to add stabilizers, such as 0.15 M sodium chloride. 0.001 M EDTA and often 001% "(w/v) 
polyethylene glycol 6000 in 0.1 M glycine buffer (pH 6.0). along with a bacteriostatic agent, such as 1000 
units of pemcillin or 10 ug/ml of streptomycin, at this stage. Further, the pH of the elution buffer can be 
reduced to pH 6.5 for stabilization and storage. 

Alternatively. RP-HPLC separation or high voltage electrophoresis can be carried out as described 
above for separation and so as to determine the purity thereof. If the elution buffer used has a reduced oH 
such as 5.2 or 7.0, it is desirable to use RP-HPLC. ' 

The resulting heterofunctional cellular immunological reagent is set forth below: 

KDWSFYLLYYTEFTPTEKDEYAC-SPDP-AbuTTAVPWNASWS 
(b-2-M 58-84) (HIV 605-620) 



SYNTHESIS EXAMPLE 3 USING MSB 

The following example describes the production of a heterofunctional cellular immunological reaqent 
compns.ng an HIV epitope covalerrtly linked using MSB to the T cell specific binding ligand portion of LFA- 

6.7 mg (2.0 umole) of the nor-leucine. amino-butyric acid form of the T cell specific binding ligand 
portion of LFA-3 (see Breitmeyer. J.B.. Nature . 329:760 (1987) and Seed. B.. Nature. 329 840 (19871V 

SRHRYALIPIPLAVITTCIVIYMNVL (MW^3431) 

or the derivative thereof: 

SRHRYALIPIPLAVnTAbulViYNIeNVL (MW=3385) 
is dissolved in 1 .0 ml of PBS. To this solution is added 50 wl of a MBS solution (4.0 umole) (24.8 mg/ml of 
. ,n d, n»ethylformamide) in a conical reaction vessel. The reaction mixture is continuously stirred for 30 
mm at room temperature. Then, the reaction is terminated as described below. 

The products and reactants are separated by desalting on an appropriate column as described above 
preferably, on a P-4 column (0.9 x 40 cm) at 4'C using, as the elution buffer. 0.1 M potassium phosphate 
buffer (pH 60) or 0.1 M sodium phosphate buffer (pH 6.0). The pool of the relevant fractions containing the 
desired product is stored at 4-C until use (normally within 24 hours). The typical yield of the MBS- 
polypeptide is 3.0 to 45 mg. The resulting polypeptide is an amino substituted polypeptide derivative of 
benzoic acid. 

To the resulting polypeptide, estimated as 3.1 mg in 3.0 ml of 0.1 M sodium phosphate buffer (pH 6 0) 
is added, 3.0 ml, containing 5.2 mg (2.0 umole) of the following HiV gp41 epitope dissolved in 0.05 to 0 1 
sod,uni Phosphate buffer (pH 6 : 4) containing 0.15 M sodium chloride and 0.01 M EDTA; 

RRPEGIEEEGGERDRDRSC (MW = 2570) 
It is important that the above buffer is deoxygenated by at teast 3 repetitive cycles of vacuum-bleeding pjior 
to use to minimize dissolved gases. Alternatively the buffer can be prepared from freshly boiled distilled or 
aeionized water that is then stored in stoppered air-tight containers. 

i$ mv,e6 to continue for 3 hours * '°om temperature and then is terminated by the 
addition of-2-mercaptoethanol to a final concentration of 1.0 mM (60 ul of a 0.1 M solution of 2- 
mercaptoethanol) followed by the addition of f^ethylmaleimide to a final concentration of 2.0 mM (60 ul of a 
0.2 M solution of N-ethylmaleimide). v 

Next, the product is purified as described above and stored at pH 6.0 to 6.5 In the presence of 
preservatives and other stabilizing agents, such as 10-20 mg/ml of human IgG. 

The resulting heterofunctional cellular immunological reagent is set forth below: 

I^EGIEEEGGERDRDRSC-M^-SRHRYALIPIPIAVITTAbuIVIYNleNVL (MW=6 . OkD) 
(HIV 735-752) (LFA-3 carboxyl sequence) 
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SYNTHESIS EXAMPLE 4 USING CITR ACONIC ANHYDRIDE AMn gpno 

The T cell specific binding portion derivative of IL-1 8- 
AbuggVQGEENDK <MW=1402) 

x <s> cm) using 0.1 N ammonium bicarbonate buffer (oH &5> At lpa*t inn n « m i V # . 
fractions typically represent about 1/mn rrf ZHi . . 0,5 ml SI2e fractl °ns, which 

AbuggVQGEESNDK(ci1) (MW= 1410) 

^szxzzssr (2 ° wm} is freated with spop - *«*" - 

SPDP-AbuggVQGEESNDK(cit) 
Next, 8.7 mg (2.0 umole) of a cat dander epitope- 
GITPAVKRDVDLFLTGTPDEYVEQVAQYKAPDVc (MW=4333) 

The resulbng heterofunctional cellular immunological reagent is shown below: 

GITPAVKI®VDLFLTGTPDEYVEQVAQYKAPDVc-SPDP-AbuggVQGEESNDK 
(cat dander 1-33) (IL- IB 163-171) 

carrier orS heter0,UnCt,0naJ ce""'ar immunological reagent and a pharmaceutical* acceptabte 
of ite UamTSSfcn * "* 40 ** heterofunct ^ Immunological reagent 
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generally diluted to a concentration of about 0.1 to 2000 ug/ml. preferably about 2.0 to 100 no/ml 

The particular heterofunctional cellular immunological reagent mployed as the active ingredient in the 
vaccme w.ll depend upon the disease for which prevention or treatment is sought That is. for prevention or 
treatment of a particular disease, one component of the heterofunctional cellular immunological reagent 
mustbe an antigen associated with the disease or a causative agent of the disease, or epitopeftereof 
The amount of the heterofunctional cellular immunological reagent to be administered for prevention 

t^XTT I 1 Wi " d6pend "P 0 " * e 3901 W6i9hl and °» the subject Generally, the 
heterofunctional cellular immunological reagent is administered in an amount of from about 2.0 to 100 ua no 
kg of body weight, preferably about 10 to 20 ug/70 kg of body weight 

h-JUj? T* I^? de • 0, admWstrafion « not to «he present invention. For example the 

heterofunchonal cellular immunological reagent can be administered intradermally. subcutaneously in- 
^errtonealy. mtramuscularly and. also, when an adjuvant is not employed, intravenously. A preferable 
mode of administration is intradermally or intramuscularly. 

Multiple inoculations of the heterofunctional cellular Immunological reagent are generally employed, with 

?«£ . .• c ^ fifSt and s* 3 ™* *»«»■*"• and 6 months between the second and third 

inoculations. Subsequent boosters may also be employed if desired. 

SYNTHESIS EXAMPLE 5 
Vaccine Against Streptococcus 

•hJ£ ,0 "° Win i GXample deS ° ribeS *" P roduclion of a vaccine for the prevention of infection by 
streptococcus and/or treatment of a subject infected with the same. 

8.6 mg (2.0 umole) of the streptococcal epitope: 

TVTR6TISDPRVFPRGTVENPVATRSQTDTSEKC (MW=4301) 

reduced with 0.01 M DTT for 45 mm at room temperature and purified as described above. 
This material is then coupled to an equal molar amount of the SPDP-derivatized b-2-M- 
SPDP-AbuYVSGFHPSDIEVDLLKNGERIEKVEHSDLSFS (MW=4473) 

?Sio f T^ l by reaCfin9 8 9 m9 (2 ° Um ° ,e) ° f ™* 0 05 ml °* 24 8 m 9Anl of SPDP (4.0 umole) 
sh b I ^ f0 ° m lemperature - 71,8 resultin9 heterofunctional cellular immunological reagent is 



TVTB6tXSD>irVFPRGTVEKPVATRSglUlSKEC -5P0P -AbuYVSGFHPSDIEVDLLICMCTaTricVFMSnt<pqr 
(streptococcal) (b-Z-H 24-581 

hn^MP « Cati °? ,lh8 he,erofunctiona ' immunological reagent is equilibrated in a 0.05 M glycine 

buffer (pH 6.5) contaming 0.15 M sodium chloride. 0.01 M EOTA, and 1.0 mgftnl of alum and as such, is 
useful as a vaccine against streptococcal infection. 

M J n 8 *!" e^^'ment the above-described objects of the present Invention have been met by a method 
of diagnosing disease comprising assaying for the presence of T cells in a subject, which are active against 
me disease, using the heterofunctional cellular Immunological reagent 

Hic^ 3 ?* th ! P ^ CU,ar hetero,unctlonal Immunological reagent to be used will depend upon' the 

•££2 ^ 9n0$ S " S ° U9ht 71,31 iS ' ° ne «*"*»"•»* of the heterofunctional cellular immunological 
•£ anb ? e r assodated ^ *e disease or a causative agent of the disease, or epttope 
thereof for whch d.agnoas is sought or a control, or non-related epitope. ^ • 

„,hH 9 TT** ""V*** to diagnose the disease. i.e.. to determine the presence of T cells in the 
subject which are active against the disease, is not critical to the present invention. Examples of such 
SL^52L lymph ? r0liferative ^ usi "9 radioisotopes (see Cason. J. et al. J. Immunol. Melh.. 
(1 ^ 7)): . 0f ft a "^feotoplc lymphoprofiferative assay using 3K4.5^memylmiazoT2-yl)-a5^rSir^l 

^SfiSJST"""^ (SiQma Chemical °°- St ^ M0 > < see Mosmann - T " J " 'mmunol. S 
~ 55 pi 83 )); th 31 measure cell death, such as the Cr*~ release assay (see~ Chapters 9-18 in 

JtenuS I CJja Immunol.. Ed. Rose. N. et al (1976) and fund ClirK Immunol.. Ed. Alexander. J.W et al (1977V 
M* Ca ^ fl / , ^f 8in diaC6tat0 < nereinafter "CDTA'J uptake assay (see Bruning. J.W. et al. J. Immunol 

foTrl? ^'"f: D :. 1 3,1 ± lfnniuno1 - Me*!:. §*57 (1986)); a lymphocyte migration inhibition assay 
(see Chapt rs 9-18 in Manual Clia Immunol. Ed. Ros , N. et al (1976) and Fund. Pin. Immunol! ^. 
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Alexander. J.W. t al (1977)); a phosphorylation assay (see Samuelson, LE. et a) J. Immunol. , 139:2708 
(1987)); a delayed type hypersensitivity (DHT) skin t st assay (se Kadival, G.J. et al J. Immunol. , 139:2447 
(1987); and Keeney, RT. et al, J. Immunol Meth. , 101:110 (1987)); or a T cell binding assay usinga dye 
such as 5-[(4,6-dichlorotriazin-2-yl)amino>fluorescein hydrochlorid (hereinafter "DTAF") (see Kung, P. t 
al, Proc. Natl. Acad. Sci. USA, 77:4914 (1980)). 

The lymphoproiiferative assay is modified for use to test cellular immunity to a particular disease as 
follows. For example, samples of blood circulatory lymph node or spleenic lymphocytes, which contain T 
cells, are collected using the ascetic technique, by venipuncture in sterile containers, from animals 
immunized with an antigen associated with disease or a causative agent of disease or an epitope thereof or 
the heterofunctional cellular immunological reagent Often with animals, particularly when using mice or rats 
and in many cases rabbits, the animals are sacrificed, for example, 14 days after an inoculation by, e.g., 
cervical dislocation, and the inguinal lymph nodes and/or spleen teased into a single cell suspension. If 
whole blood is used, as In most cases with humans, the peripheral blood or single cell lymphocytes are 
treated, for example, by the "Ficoll-Hypaque" method (Pharmacia, Piscataway, NJ) and the cells resuspen- 
ded and plated into sterile culture microwells. Ficoll-Hypague treatment is often carried out to remove 
erythrocytes, macrophages and other cells which may interfere by consuming nutrients In long term 
(>hours or days) assays. Their removal is desirable since this may simplify the assay and/or interpretation 
of the results. In many cases, especially with early and or rapid events, this separation is not necessary. 

More specifically, a 96 well Costar plate Is seeded at 1.0 to 5.0 x 10 s , preferably 2.0 x 10 s cells/well in 
0.2 ml of RPMI 1640 medium, supplemented with standard antibiotics, such as penicillin and streptomycin, 
and often 0.5 to 10% (v/v) homologous serum, e.g.. normal mouse serum for murine cells or human AB 
serum for human cells and BSA for other types of cells. 

Next, a solution that brings both 2-mercaptoethanol to a concentration of 0.00005 M and the antigen 
associated with disease or a causative agent of disease, or an epitope thereof, to a concentration of 0.001 
ug/ml to 100 ug/ml, preferably 0.01 to 10 ug/ml, or the heterofunctional cellular immunological reagent(s) at 
a series of concentrations, usually from about 0.0001 to 10 ug/ml. preferably 0.01 to 1.0 ug/ml, are added 
to the wells. 

For proper design, both the use of replicates and for better control, and more meaningful results, the 
use of a series of related heterofunctional cellular immunological reagents, such as those shown below, are 
tested at several serial dilutions usually starting at 10 ug/rnl. 

TMV I ftl'l ASDPRVFPEGTVEHPVA 1 KSqiD 1 SK-SPPP-CYVSGTKPSDIEVDUJCNGEgltJLVkHSULSFS 
(streptococcal) <b-2-H 24-581 

XFAGXKKAKEWUiLXAYlJCQATX-^ 

( cytochrome C) (b-Z-H 24-561 

IFAGIKKAHERAELIAYU^QATX ~5P0P -VFHLRGOL^LAQKVARTLP 
(cytochrome C) CFKDV 141-160) 

TRVTRCnSDPRVFPRgTVENPVA l KbU 1 U 1 SK -3PDP *VFHLRGOLQfYLAQKVARTLP 
(•treptococcal) IFWDV 141-160) 

It Is desirable to test the same polypeptides but employing different orientations and different methods 
of linking, e.g., to couple the amino group to the carboxyl polypeptide by use of a carbocfiimide activated 
carboxyl group of an amino group. 

The various microcultures are incubated from 3 to 6 days, preferably 4 days at 37* C in a 5% CQ2, 
95% air mixture at 95% relative humidity. Then, 0.4 uCi of 3 H-thymidine (New Bigland Nuclear, Boston! 
MA) with a specific activity of 1.0 Ci/nmol is added to each well and incubation at 37* C is continued for 18 
hours. The incubation is terminated and the samples processed to determine the amount of incorporation of 
3 H-thymidine into DNA by use of a multiple assay sample harvester (hereinafter •MASH"). The data is 
analyzed for reproducibility using 4 replicates, a blank with no cells, and various specific and non-specific 
heterofunctional cellular immunological reagents as controls. The results are expressed as the groups's 
mean +/- the standard deviation of the replicates. If less than 3 of the 4 replicates are allowable, i. ., x +/- 
S.D.. the determination should be repeated. Values greater than +/- 20 % of th mean are excluded. To be 
significant, at least two different means at 2 adjacent concentrations in a s ries must be different by mor 
than 50% f the controls. If the bas lin is significant then the data are interpr ted as an inhibitory effect r 
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a stimulatory effect. No effect means that the patient has no cellular immunity. A stimulatory effect in this 
assay implies helper T ceil activity of a stimulatory nature and an inhibitory effect implies that the base line 
T cell activity is suppr ssed by the system. 

Typical assay conditions are selected, if possible, so that without the test reagent, such as the native 
s intact antigen or epitope thereof or a heterofunctional cellular immunological reagent of the present 
invention, the positive and negative control have values preferably about 2 to 3 times the background level 
where no cells are present. Then the positive control should give a value of at least 10, preferably 100 or 
more times the background level and the negative control should be the same as described above. In this 
case, for a sample to register as positive or significant, it should be above the first quarter percentile 
70 between the two controls. 

In many cases, the first determination of the presence or absence of cellular immunity is sufficient. The 
clinical interpretation of the consequences is often on a case by case basis. Thus, in many cases, such as 
infectious disease agents, there is a desire or need to determine or develop a positive cellular immunity 
presence. In other conditions, such as allergies, the cellular immunity may be misdirected causing helper T 
75 cells to produce excess IgE, as opposed to IgG or other classes or subclasses of immunoglobulins. In still 
other cases, diagnosis may show that the correct type of T cells for cellular immunity, e.g., helper T cells 
for increasing antibody production may be present but what is needed is afr increase in the production of 
cytotoxic T cells for a particular antigen associated with disease or a causative agent of disease or epitope 
thereof. 

20 As discussed above, a non-isotopic lymphoproliferative assay using MTT can also be employed to test 
for cellular immunity to a particular disease (see Mosmann, T., J. Immunol. Meth. , 65:55 (1983); and Gerlier, 
A. et a!. J. Immunol. Meth. , 94:57 (1986)). 

For the use of MTT as a replacement of 3 H-thymidine for analysis of lymphoproliferation, the cells are 
processed, treated and incubated as with the thymidine assay up to the point where the 3 H-thymidine is 

25 added. Instead of adding the 3 H-thymidine, MTT is dissolved in sterile pyrogen free PBS to a concentration 
of MTT of 5.0 mg/ml and freshly filtered through aO^um filter. This solution is added at a ratio of 10 ul 
per 100 ul of culture. The incubation is continued at 37*C for 4 hours. Then, the incubation is terminated 
by centrifugation of the cells, aspiration of the fluid and resuspension and lysis of the cells. Next, the 
incorporated and converted MTT, in the form of a blue precipitate, is dissolved by the addition of 100 ul of 

30 acid-isopropanol solution comprising 100 ul of 0.04 N HCI in isopropanol. The contents of the wells are 
allowed to mix by gentle mixing on an orbital shaker at room temperature and the absorbance at A570 is 
read after 15 min to 1 hour. 

For the use of the heterofunctional cellular immunological reagent in cytotoxicity assays as a replace- 
ment of the MHC processing and presentation for analysis of cytotoxicity, the cells are processed, treated 

35 with the heterofunctional cellular immunological reagent for the first 6-9 days as with the lympholiferative 
assay. At this point, a standard Cr^ release assay is performed. More specifically, the cells are washed 
and resuspended in 0.1 ml of fresh media Then 0.1 ml of infected cells are added to effector cells at 
between 10 and 200% of the concentration of the effector cells. The infected cells are freshly collected the 
previous day from the same donor as the effector cells and infected overnight with the agent of disease 

40 from which the antigen of the heterofunctional cellular immunological reagent was derived at a multiplicity of 
infection of between 0.01 and 10, preferably 1.0. After an overnight infection, the cells are labelled with 
CrCb. in the form 51 Cr, and then washed 5 to 10 times until the amount of soluble radioactivity is less than 
0.01% of the cells bound. Preferably 10,000 to 1,000,000 cpm of such labelled infected target cells are 
added to the effector cells and then the cells incubated for 4 to 6 hours at 37 *C. Next, the cells are washed 

45 5 times with PBS, counted and the data calculated using controls. 

Also, as discussed above, another assay based on CFDA uptake can be employed to test for cellular 
immunity to a particular disease (see Mosmann, T., J. Immunol. Meth. , 65:55 (1983); and Hansson, Y. et al. 
J. Immunol. Meth. , 100 :261 (1988)). 

CFDA is advantageous in that CFDA passively traverses through the cell membrane and then, as a 

so result of intracellular enzymes, is hydrolyzed by living cells to carboxyl fluorescence which will accumulate 
in living cells and makes such fluorescent under blue light More specifically, cells are prepared and treated 
with an antigen associated with disease or a causative agent of disease or epitope thereof, or a 
heterofunctional cellular immunological reagent as described above for the lymphoproliferative or MTT 
assay. However, instead of processing as in those assays, the cells are washed twice with sterile Hanks 

55 Balanced Salt Solution and resuspended in 25 ul thereof to which is added 5.0 ul of a freshly diluted and 
tilt red (0.2 urn) CFDA solution. Th CFDA solution is pr pared as follows: 10 ul of standard stock is 
prepared by acetylation of 6-carboxyfluorescein, as described by Bruning, J.W. t al, J. Immunol. M th„ 
33:33 (1980) (Eastman Kodak, Rochester, NY) and stored as 10 mg/ml in reagent grade acetone in a dark 
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bottle in the cold and sealed with a glass stopper. Then. 10 ml of Hanks Balanced Salt Solution buffered 
wrth 0.02 M Tris-CI (pH 7.4) or H pes (pH 7.4) is added. After the cells ar allowed to take up and 
hydrolyse th CFDA for a set period of time, usually 15 min incubation at 37 *C, the cells are washed with 
fresh Hanks Balanced Salt Solution and resuspended in 0.01 to 10 mg/ml of hemoglobin to reduce 
background scatter and noise. The incorporated CFDA in the cells in the wells is determined by measuring 
the CFDA content by monitoring fluorescence with appropriate and available fluorometers that utilize this 96 
wells plate configuration. 

The phosphorylation assay is carried out by activation of the cells with the heterofunctional cellular 
immunological reagent of the present invention and the incorporation of ^P into proteins from GTP is 
measured. More specifically, the cells, after a short period of treatment with the heterofunctional cellular 
immunological reagent of the present invention, i.e., about 5 to 60 min, are incubated with, for example 
0.001 to 0.1 uCi of ^P gamma-labelled GTP for 15 to 20 min. Then, the cells are processed for 
determination, or ^P incorporation in all of the proteins or in a specific protein, such as a specific internal 
protein or a specific immunoprecipitable membrane protein. 

The delayed hypersensitivity type assay (DHT assay) is conducted as follows: the antigen associated 
with disease or a causative agent of disease or epitope thereof, or the heterofunctional cellular im- 
munological reagent, at an appropriate concentration, usually 0.001 to 10.0 ug/ml, preferably 0.01 to 1.0 
ug/ml in PBS. is introduced by use of a thin hypodermic needle and syringe, preferably 0.05 ml with a 27 
gauge, into the dermal layer of skin. A region is selected where changes in shape, coloration, thickness and 
other properties are easily observed and measured with calipers if desired. This usually means an area with 
little or no hair or pigmentation. After 24 and 48 hours, the area is observed and the results are recorded, 
with particular note of a hematoma, induration and shape. Often for ease of comparison, standard agents 
known to both evoke a positive DHT reaction and to be completely inert, such as a physiologically buffered 
saline solution, are included at a site 1.0 to 2.0 cm removed. In the DHT assay, the test materials) are 
recorded referencing their reaction to the controls (see Kadival, G.J. et al. J. Immunol. , 139:2447 (1987)* 
and Keeney, R.T. et al, J. Immunol. Meth. , 101 :1 1 o (1 987)). 

SYNTHESIS EXAMPLE 6 

Diagnostic Reagent 

The following example describes the production of a T cell specific binding ligand which binds to cells 
which contain either MHC Class I and II molecules on the surface thereof which is useful as a diaonostic 
reagent. * 

The following polypeptide, which contains about the first 10 amino acids in proper sequence of the M 
protein of 3 strains of streptococcal bacteria (see Beachley. E.H. et al, J. Exp. Med. , 166:647 (1987)), is 
treated with dtraconic anhydride to block the amino group(s) of the lysine(s) as described above. After 
treatment with citraconic acid and subsequent purification, the molecules are reduced with 0.01 M DTT to 
ensure that the cysteine is in an acceptable form: 

TRVTRGTISVPRVFPRGTVENPVATRSQTDTSKc (MW=4209) 

The above polypeptide is then coupled to an equal molar amount of the following SPDP derivative of 
the IL-10 polypeptide at positions 163-171: 

SPDP-AbuggVQGEESNDK (MW=1401) 
which is formed by reacting 2.0 mg (2.0 urn) of the IL-1£ polypeptide with 0.05 ml of 24.8 mg/ml SPDP (4!o 
urn) in DMSO for 2 hours at room temperature. The resulting heterofunctional cellular immunological 
reagent is shown below: 

TRVTRGTISDPRVFPRGTVENPVATRSQTDTSK-SPDP-AbuggVQGEESNDK 
(streptococcal) (IL-1B 163-171) 
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The following control polypeptides can be prepared in a similar manner: 

IFAGIKKANERAELIAYUCQATXc-SFDP-AbtiggVQGEESNDK 
(cytochrome CI tIL-10 163-171} 

IF AG IWCAHE RAELI AYUCUATXc-SPOP-VPHUOT LO^nJkQKVARTtP 
(cytochrome C) IFWDV 141-1601 

lHVTBCriSOPRVFPRGTVEHPVAlt^lUl^ 

(streptococcal! (FWDV 141-160) 



SYNTHESIS EXAMPLE 7 

is 

Diagnostic Reagent 

The following example describes the production of another T cell specific binding Rgand which binds to 
cells which contain either MHC Class I and II molecules on the surface thereof which is useful as a 
20 diagnostic reagent. 

The streptococcal derived polypeptide of Synthesis Example 6 is coupled to the derivative of 
concanvalin A at positions 81-110: 

gggLN DVLPEWVRVGLDSASTG LYKETNTILSWS (MW = 4266) 

More specifically, 8.5 mg of the above concanvalin A polypeptide ^0 urn) is reacted with 0.5 ml of the 
25 SPDP solution described in Synthesis Example 6 and then subsequently reacted with the streptococcal 
derived polypeptide of Synthesis Example 6 as described therein so as to obtain the following heterofunc- 
tional cellular immunological reagent: 

30 TBYrRgTISVPRVy PRGTyENPVATRSgrPTSKc -SPD P -tf gg tJO VLPEWyTtygLDSASTGLYKETXTI LSWS 

f streptococcal) (concanvalin A) 

The following control polypeptides can be prepared for the concanvalin A derivative in the same 
as manner as described in Synthesis Example 6: 

IFAGIWCAHBtt£LIAY/UCQATKc-SPD^ 

(cytochrome CI (concanvalin A) 
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XF AG IKJCAKERAEt IAYXKQATKc-SP^- VPHLIOTIWLAOKVARTLP 
(cytochrome C) (FWDV 141-160) 

TRVTIOTISPPmPBgrvraPV A T K^ 

(streptococcal) IFHDV 141-160) 



55 



SYNTHESIS EXAMPLE 8 
Labelled Diagnostic Reag ent 

Th following xampl describes the labelling f a heterofunctionaJ cellular immunological reagent for 
use in visualizing the binding of the heterofunctional cellular ImmunoIogicaJ reag nt to the surface of T cells 
so as to diagnose the pres nee of T cells in a subject which are active against HIV. 
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5.0 mg (1 .0 umole) of the following heterofunctional cellular Immunological reagent: 

DWSFYLLYYTEFTPTEKDEYAC-SPDP-AbuTTAVPNASWS 
(b-2-M 58-84) {HIV 605-620) 

TST^- * SC ^*°? fe diSS0 ' Ved i0 2 0 m ' °' 0 05 M sodium P hos P hate (PH 7.0) containing 
VI n- " m Ch,0r,de and reacted wilh 5 0 "9 < 10 «"«*) of DTAF (Eastman Kodak RochestaNVw! 

222**- Ch T iCal> ,L) 31 15 10 25 '^ 50 35 to ^•abe.'e^oSon^^ 

.mmunotog.ca. reagent S.nce the heterofunctional cellular immunological reagent has a somewhat % 
d, uffide. the editions are essential* as recommended by the manufacturer but the 

V PH °' 7 0 3nd 1,16 re3C,fon Products *» "mediately separated ^6^^ Jnd 
fractionating on a G-10 column using 0.05 M potassium phosphate buffer ft>H 6.5) <»ntaWn7J l 5 M 
sod,um chlonde. 0.001 M EDTA. and 0.01% (wA,) PEG-6000. The resufUng polypeptide !b?Z 

DTM-DWSFYLLYyTEFTPTEKDEYAC-SPDP-AbuTTAVPNASWS 
(b-2-M 58-84) ( H IV 605-620) 

T < JiTf? T tril be " ed he,ero,unceonal immunological reagent is used by incubating such with the 

T cells for 30-60 mm at 2 to 8-C. Then, the T cells are washed and examined under a hZm 

™. memb* 19 TZ* " ^ - " cellular "1X^7^ ^ 

I N^Z ^ Ne ^ ap P™P riate <l««*-«Blion of the percentage of T cells so labelled is carried Z. 
nJJtT 'f ,0 l3bel ,he "^^ona' «**»■ immunological reagent then sucTcaTbe 
mfrfL" "o ° f ? afflni,y C ° ,Umn USin ° COU ^ d to a solid support as SalS oTtSe 

SiK^T' rT 06 , 0 ^' 031 " R0Ckf0,d - IL NHS - bi0 «" is "sed. avidin-mc is usedTvisl.Se Se 
binding of the heterofunctional cellular immunological reagent to T cells. 

If a Afunctional immunological reagent is under analysis for diagnostic uses then a total of »,nhf 
hetero^ctiona. ceHular immunologic*, reagents are possible if two o^JTr^J^aff 

ZL Y J r °T '" 9 „ ?" d taMn0 in, ° 3CC ° Unt which are not possible to ■ J£eS feSr 

heterofunctional cenular immunological reagents are required. synmesize. tewer 

SYNTHESIS EXAMPLE 9 USING SPDP AND MBS 

as Trifunctional Reagent 

mverSo e n fo "° Win9 *" Pr0dUC,iOn 01 3 tn,UnCti0nal '«~°<°9ical reagent of the present 

6.8 mg of the following LFA-3 T cell specific binding ligand" 
40 AbuggSRHRYALIPIPLAVlTTAburVLYNIeNV (MW=3400) 

is activated with 4.0 umole of SPDP in 0.1 M potassium phosphate buffer (pH 7.5) containina 015 M 
scxnum dUb and subsequently purified as described above. L purified p^s^e^ JJ 
ZZ. { } ° f *" ,0 " 0Win9 P ' aSm0diUm *" T"" ««* been freshly r^TcS 

45 y(QAQGDGANAGQP)2C (MW=1995) 

After purifkahon. the resulting product is reacted with 4j0 umol of MSB to thiolyate the amino otoud of 

KDVVSFYLLYYTEFTPTEKDEYAC (MW=3396) 
so to yield the trifunctional immunological reagent shown below: 

KDHSFVtLYYIEFTPTEKDEYAC-IBS-yl QAQGDGAMAGQP 'j C ""5E9E""*^ ,, iyfSIIHRyALlPIPlAVHTAb«IVLYNleHGII. 
6s «b- 2 -M 58-84, |Csp . n «U*-3 carboxyl ,e,„ e „c, 
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Claims 
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is 



5 



1. A heterofunctional cellular immunological reagent comprising. covalenUy linked tooetter *i i«*t J t 
cell specific binding figands derived from different moteJes. wher2 on f ZSlndl hS , 
specific Cass or subclass of T cells and another of the figand^ is 1 i en ass^atKm J"* ° " 
a causative agent of disease, or epitope thereof, and wherein ^Sone^^^Z 
n,0,eCU,e - «** derived from the highly conserved region of the MHC moS. 

" 2^T?^ * fe — - <™ « — ^ « accessory T 

4. A reagent as claimed in any preceding claim, wherein the antigen or eDitooe thereof * , 
an allergen, a tumour antigen and an autoimmune-related antigen ^ " fmm 

A reagent as claimed in any preceding claim, wherein the causative agent of disease fe SB terf~« r,„ m 
pnons. wruses. bacteria, fungi, protozoa and parasites. SeleCted ,rom 

6. A vaccine for the prevention or treatment of disease, comprising- 

£o VSSSSZSST TT** re39ent C ° mpriSin9 ' «** r. - 'east 

two cel. specfic b,nd,ng figands. where.n one and another of the figands are as defined in claim! 

(B) a pharmaceutically-acceptable carrier or diluent 

7. A vaccine as claimed in claim 6, wherein the T cell is as defined in claim 2. 

8. A vaccine as claimed in claim 6 or claim 7. wherein said one ligand is as defined in claim 3. 

9 ' ?JmT 6 " ^ " "* ° f 6 t0 * Wherei " *• • *P«°P° thereof is as defined in 

10 ' -22?" " C ' amed " ^ ° f CteimS 6 10 9 " *• a 9-« * ^sease is as defined in 

sr^rrdS^ 

Patentansprtiche 
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2.. En Reagens gemaB Anspruch 1. wobei die T-Zelle ausgewlhlt wird aus iner Helfer-T-Zelle einer 
akzessonschenT-Zell . iner Suppressor-T-Zelle und eioeTzytotoxischen T-Zelle. He " erTZel,e ' emer . 

3. Ein Reagens gemaB Anspruch 1 Oder Anspruch 2, wobei der genannt eine Ugand ausgewShlt wird 

ei„ e r^ 6 MHC " ST "• ^ mH d ° r L ^ lu * rusarnmenhSngend^ CkaT? 
«nem Anhkorper gegen CD-2. einem AntikSrper gegen CD-3. einem Antik3rper gegen CD-4 einem 
Antkorper gegen CD-8. einem Lektin. einem Lymphokin. einem Bereich der Zr^L de^weren 
Ketfe von Immunglobulinen, d-polx-^eKJ,, (60:40) und la*. =*™veren 

10 4 ' flSST 8 ** vorher 9 e «^en Anspruche. wobei das Antigen oder ein Epitop davon 

ausgewShN wird aus emern Allergen, einem Tumorantigen und einem autoimmun-verwandten AnfigeT 

5 ' f ISSST* .?! maB D einem der v ^ergehenden AnsprOche. wobei das krankheitsverursachende Mittel 
ausgewahlt w.rd aus Pnonen. Wen. Bakterien. Pilzen. Protozoen und Parasiten. 

6. En Impfstoff fOr die Verhinderung oder Behandlung einer KrankheH. umlassend- 

v«rhrrti , „ eter0fUn ^ ne,leS ZellU ' areS immunoh) 9 is *es Reagens. welches - kovalent miteinander 
J**™ T-Zell-speziflsche Bindungsliganden umtaBt. wobei einer und Jn 
anderer der Lganden so sind. wie in Anspruch 1 definiert, und 
(B) einen pharmazeutisch akzeptabien Trager oder ein VerdOnnungsmittel. 

7. Bn Impf staff gemaB Anspruch 6. wobei die T-Zelle so ist wie in Anspruch 2 definiert 
Z^JSZ AnSPmCh 6 AnSPfUCh 7 " WObe ' d6r eine so * «° '« 

9 ' i^SVd" nlrt ^ 6 WS * W0b6i ^ °* * da ™ so «■ *• 

10 ' * Su^?nLri nem 6 W8 9> W ° bei ** krankhei ^^ch^de Mittel so ist, wie 

11 ' fon ™l! n 2um h Dia 9 nos,i2iere ' 1 *•* KrankheH durch Testen in einem Subjekt auf die Gegenwart 

ZktS^r 0 9 - 96,1 ^ Kfankhe " ^ Sindl WelC,WS ein Messen «««B eines heter? 
funktonellen zeflularen .mmunologischen Reagenzes an T-Zellen aus einem Subjekt umtaBt. urn so dte 

ASSIST- F^E"" ***** UnterWasse von T - Ze,len zu tes *™ wetehe Sen die 
Krankhert aktiv s,nd. wobei das Reagens so ist. wie in einem der AnsprOche 1 bis 5 definiert. 

1Z C^£l^^i^ Ch UntGr Ve ™ ndu "9 «*»" lymphoproliferativen Tests, eines 

«„„c h k^ ^ ' emeS C ^^ U0f escei"Kfiacetat-Aufnahfnetests. eines Lymphozytenmigra- 
^ns-lnh^ng^ests eines Phosohorylierungstests. eines HypersensithrfStstests vom V^lZSgl 

Un9Ste5,S ^ VerWendUn9 61063 F « tatoB »- «' die Gegenwar? vonT- 



Revendications 



3. 



R&ctif re |iula.re immunologique h^rofonctJonnel. comprenant. Ii& ensemble par covalence au moins 

f^nSr S0US " Cl3SSe ou une *«« ^q" 8 * cellules T. et un autre des ligandTes. un 

Sf t d^T i ^ ° U U " ^ «« ' °» * ■« ^Pitopes. e?dans 

^^dEELT f r'/ 0 " 6 m0KCU, ° MHC ' ^ ^ * 13 ^onha^ement conveTe 
etant d6riv6 de 'a "klfon hautement conservee de la molecule MHC. 

R^actif seton la revendication 1. dans lequel la cellule T est s€lectionnee parmi • une cellule T 
auxihare. une cellule Taccessoire. une ce«u.e T suppresseur. et une cellute T cy^r^ue 

Wactif selon ia revendication 1 ou la revendication 2, dans lequel (edit un des ligands est Election/*! 
parm, : MCH classe MHC c.asse ... molecule - 3 associee a fonction rymphc^t . un anuSS d 
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CD-2, un anlicorps de CD-3, un anticorps de CD-4, un anticorps d CD-8, un lectine. une lymphokine, 
une partie d la region FC d la chaTne tourde d'immunoglobulines, d-poly*(EK) n (60:40) t la*. 

4. R£actif selon Tune quelconque des r vendications prececlentes. dans lequel I'antigene ou son Epitope 
est selectionne* parmi : un allergene, un antigene de tumeur et un antigene a relation autoimmune. 

5. Re*actif selon Tune quelconque des revendications precSdentes. dans lequel I'agent causal d'affection 
est s&ectionnd parmi : les prions, les virus, tes bacteries, tes champignons, les protozoaires et les 
parasites. 

6. Vaccin pour la prevention ou le traitement d'affection comprenant : 

A) un rdactif immunologique cellulaire h&eVofonctionnel comprenant, T\6s ensemble par covalence, 
au moins deux ligands de liaison $p£cifiques de la cellule T, dans lequel Tun et I'autre des ligands 
sont d^ftnis comme dans la revendi cation 1, et 

B) un support ou diluant pharmaceutiquement acceptable. 

7. Vaccin selon la revendication 6, dans lequel la cellule T est deTinie comme dans la revendication 2. 

8. Vaccin selon la revendication 6 ou 7, dans lequel (edit ligand est deiini comme dans la revendication 3. 

9. Vaccin selon rune quelconque des revendications 6 a 8, dans lequel I'antigene ou son epitope est 
d£fini comme dans la revendication 4. 

10. Vaccin selon Tune quelconque des revendications 6 a 9, dans lequel I'agent causal d'affection est 
d6fini comme dans la revendication 5. 

11. Proc£d6 pour diagnostiquer une affection en testant la presence de cellules T dans un sujet, qui sont 
actives contre raffection, comprenant la mesure de la liaison d'un nSactif immunologique cellulaire 
h6terofonctionnel aux cellules T d*un sujet de facon a determiner la presence d'une sous-classe ou 
d'une classe spdcifique de cellules T actives contre raffection, dans lequel le r^actif est ddfini comme 
dans une quelconque des revendications 1 a 5. 

12. Proc6d6 selon la revendication 11, dans lequel la presence de cellules T est testae en utHisant un test 
lymphopronfeVatif, un test de liberation de Gr+++ t un test de fixation de diac&ate de carboxyfiuorescel- 
ne. un test d'inhibition de migration de lymphocyte, un test de phosphorylation, un test d'hypersensibifi- 
te du type retarde*. un test de liaison de cellule T utHisant un colorant. 



27 



